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MINUTES MEETINGS. 


THE SOCIETY. 


January 6th, 1904.—The meeting was called order 8.45 
President Noble the chair; Charles Warren Hunt, Secretary; and 
present, also, 103 members and guests. 


The minutes the meetings December and 16th, 1903, were 
approved printed the Proceedings for December, 1903. 

paper, entitled Theory the Spherical Dome with Homo- 
geneous Surface, and the Framed Dome; Also Notes the Con- 
struction Masonry and Metal Domes,” Schmitt, Assoc. 
Am. Soc. E., was presented the author and illustrated with 


a 
Gea. 
q 
q 
nt 
int, 
1 
q 
A 


MINUTES MEETINGS. [Society 


lantern slides. communication the paper, from Irving 
Church, Assoc. Am. Soc. E., was presented the Secretary. 

Ballots for membership were canvassed, and the following candi- 
dates elected: 


MEMBERS. 


James Francis Manila, Philippine Islands. 
New York City. 

Harrison Johnstown, Pa. 


MEMBERS. 


FREDERICK ADGATE, Omaha, Nebr. 
Barrows, Burlington, Vt. 
New York City. 

ANDREW Boston, Mass. 
New York City. 
Eppy Youne, New York City. 


ASSOCIATE. 


New York City. 


The Secretary announced the transfer the following candidates, 
the Board Direction, January 5th, 1904, from the grade 
Assoviate Member the grade Member: 


JAMES BEUGLER, Boston, Mass. 

Cox, Sparrows Point, Md. 

Fay, Boston, Mass. 

WILLIAM Detroit, Mich. 

JULIAN Bruyn Kops, Savannah, Ga. 

New York City. 

Niagara Falls, Ont., Canada. 
ARTHUR Marquis New Hartford, 


The Secretary announced the election the following candidates 
the Board Direction, January 5th, 1904: 
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MINUTES MEETINGS. 


JUNIORS. 


New York City. 

GEORGE GALLAGHER Jr., Brooklyn, 
Leroy Pittsburg, Pa. 
LEAKE, Ft. Worth, Tex. 

McBurney, Philadelphia, Pa. 


The Secretary announced the following deaths: 


James Peter elected Junior January 4th, 1882; Member July 
3d, 1895; died December 24th, 1903. 

elected Member April 5th, 1893; died December 
30th, 1903. 


elected Member October 19th, 1870; died December 
81st, 1903. 


The Secretary announced the details the programme the 
Annual Meeting. 


Adjourned. 


January 20th, 1904.—The minutes this, the Annual Meeting, 
will printed the Proceedings for February, 1904. 


THE BOARD DIRECTION. 


January 5th, 1904.—8.30 m.—President Noble the Chair; 
Chas. Warren Hunt, Secretary; and present, also, Messrs. Craven, 
Croes, Freeman, Jackson, Kuichling, Osgood, Pegram, Schneider and 
Swain. 

report was received from Special Committee, 
that this Society undertake the organization and management 
International Engineering Congress, held St. Louis during the 
week October 3d, 1904. The recommendation the 
Committee was adopted the action the Board. 

The Annual Report the Board the Society was adopted. 

The following report was received: 


The Committee appointed the award prizes for 
papers Transactions for the year ending July, 1903, respectfully 
makes the following report: 

Your Committee having carefully considered all the papers 


Volumes XLIX and Transactions recommends that award 
The Norman Medal made this year. 
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Committee recommends that The Thomas Fitch Rowland 
Prize awarded Paper No. 954, ‘The Filtration Works the 
East Jersey Water Company, Little Falls, New Jersey,’ George 

Committee further that The Collingwood Prize 
for Juniors awarded Paper No. 939, ‘The Footbridge for Build- 
ing the Cables the New East River Bridge,’ Isaac Harby, Jun. 
Am. Soe. 

All which respectfully submitted. 

MANSFIELD MERRIMAN, 
Committee. 
DECEMBER 5TH, 


The recommendations the Committee were adopted the action 
the Board. 

Letters were presented from the American Society Mechanical 
Engineers, and the American Institute Electrical Engineers, stating 
that they had arranged establish headquarters the Machinery 
Hall Building, and Electricity Building, respectively, and inviting 
the members this Society avail themselves these headquarters. 

The following resignations were accepted, taking effect December 
31st, 

James Imbrie Miller, Jacob Herbert Sawyer, Harry Van 
Gifford, Henry Garfield Perring. 

Van Ornum, Am. Soc. E., was added the Committee 
the Society charge the Society’s exhibit and headquarters for 
engineers St. Louis. 

Arguments for and against the joining this Society the proposed 
Union Engineering Building, for presentation the Annual Meeting, 
were considered. 

Applications were considered and other routine business transacted. 

Eleven Associate Members were transferred the grade Member, 
and six candidates for Junior were elected 


See pages and 
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Affairs.] ANNOUNCEMENTS. 


ANNOUNCEMENTS. 


every day, except Sundays, Fourth July, Thanksgiving Day and 
Christmas Day. 

MEETINGS. 


Wednesday, February 3d, 1904.—8.30 regular business 
meeting will held. Ballots for membership will canvassed, and 
paper, entitled Method Used the Railroad Commission, 
Texas, Valuing Railroad Properties, Under the Stock and Bond 
for discussion. 


This paper printed this number Proceedings. 


Wednesday, February 17th, 1904.—8.30 this meeting 
paper, entitled Freezing Aid Excavation Unstable Ma- 
terial,” James Brace, Assoc. Am. Soc. E., will pre- 
sented for discussion. 


This paper printed this number Proceedings. 


ANNUAL CONVENTION, 1904. 

The Thirty-sixth Annual Conveniion will held St. Louis, Mo., 
during the week beginning October 3d, 1904. 

Committee the Board Direction now arranging pro- 
gramme, with view making this Convention International Meet- 
ing Engineers, for the presentation and discussion timely sub- 
jects professional interest. 


the details the arrangements are developed, they will 
announced Proceedings. 


UNIVERSAL EXPOSITION, ST. LOUIS, 1904. 


The Society has undertaken provide for engineering exhibit, 
and the establishment Headquarters for visiting engineers, and the 


Board Direction has appropriated sufficient funds defray the 
necessary expense. 


This matter the hands the following Committee: 
Am. Soc. E., St. Louis, Mo., Chairman. 


WILLIAM JACKSON, Boston, Mass. 


Assoc. Am. Soc. E., St. Louis, Mo., Secretary. 


: 
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INTERNATIONAL ENGINEERING CONGRESS. 

The Board Direction has decided organize and conduct 
International Engineering Congress, held St. Louis, Mo., 
during the week beginning October 3d, 1904. committee appointed 
for the purpose has formulated general plan for this Congress, the 
essential features which are follows: 

number subjects live interest have been chosen and each 
each foreign country, and asked contribute paper giving 
succinct review the progress this special branch Civi] Engineer- 
ing, during the past ten years, with summary present practice. 

These papers will printed advance, and each subject will 
open discussion the Congress, which papers will read. 
The papers, together with the discussion upon them, will collated 
and published one more volumes, which will furnished free 
charge each Member the Society, and such other persons 
become Members the Congress the payment $5. 

Already the acceptances the invitations prepare papers issued 
the Committee indicate gratifying interest, and alarge attendance 
expected, inasmuch the Society Convention will held the 
same date, and the expected visit Members the Institution 
Civil Engineers Great Britain will timed that all who visit 
the Society House New York will have opportunity attend. 


SEARCHES THE LIBRARY. 


January, 1902, the Secretary was authorized make searches 
the Library, upon request, and charge therefor the actual cost 
the Society for the extra work required. Since that time many such 
searches have been made, and bibliographies ami other information 
subjects furnished. 

The resulting satisfaction, the members who have made use 
the resources the Society this manner, has been expressed 
frequently, and leaves little doubt that, were generally known 
the membership that such work would undertaken, many would 
avail themselves it. 

The cost trifling, compared with the value the time 
engineer who looks such matters himself, and the work can 
performed quite well, and much more quickly, persons fa- 
with the Library. 

Copies all lists references are filed, that many cases 
only necessary make typewritten copy, which reduces the cost 

asking that such work undertaken, members should specify 
clearly the subject covered, and whether references general 
books only are desired, whether complete bibliography, involving 
search through periodical literature, desired. 
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ANNUAL REPORT THE BOARD DIRECTION FOR THE 
YEAR ENDING DECEMBER 1903. 


PRESENTED THE ANNUAL MEETING, JANUARY 20TH, 1904. 


The Board Direction, compliance with the Constitution the 


Society, presents its report for the year ending December 31st, 1903. 


MEMBERSHIP. 


Associate and Juniors. 

Juniors. 

will seen that the net increase during the year was 212, which 
the largest yearly increase the history the Society. Previous 
1899, the yearly increase reached 100 four cases only, two 
which were consecutive; since that date, the net yearly increase has 
been follows: 


Total net increase for five 828 
Average net yearly increase for the past five years.. 166 
Average net yearly increase from 1869 1898, in- 


The total number applications received during the year was 
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The Board has taken action follows: 


Passed ballot Associate 151 
301 
Transferred from Associate Member Member..... 
109 
Applications now awaiting action............. 


explanation the foregoing figures, should stated that 
amendment the Constitution, which became operative 
November 6th, 1903, places the responsibility for transfers from all 
grades, except that Junior, the hands the Board. The time 
has been short since this amendment went into effect, but the Board 
wishes state that least one its provisions, under which all 
applications are presented for admission and not for particular 
grade, has already demonstrated great improvement over the old 
method; the opinions members, whether endorsers not, are now 
unhampered the fact that applicants have applied for particular 
rating, and are given much more freely. 

The losses death reported during the year number 35. They 
are follows: 


Members: Sylvanus Thayer Abert, Frederick Winn Bond, William 
Warren Card, Charles Frederick Dunham, William Buel Franklin, 
Alphonse Fteley, Estevan Antonio Fuertes, Charles Ezra Greene, 
Edward Appleton Greene, George Richardson Hardy, Edward 
Bernard Ives, Charles Andrews Knowlton, Edmund Dorman Libby, 
Charles Cyril Martin, George Shattuck Morison, Henry Grant Morse, 
Cornelius Palmer, John Austin Patterson, Watson Wellman Rich, 
Alfred Rives, Elnathan Sweet, William George McNeill Thomp- 
son, Robert Henry Thurston, Eugene Vanderpool, Reuel Willard 
Ware. 

Associate Members: John Walker Barriger, Jr., Robert Delano 
Cushing, Robert Blum Olney. 

Associates: John Elfreth Watkins. 

Juniors: Benjamin Harrison Flynn, Norman Smith Latham. 

Fellows: Victor Clement, Walter Gurnee, Benjamin Franklin 
Jones, William Johnston Taylor. 


b 


Affairs. ANNUAL REPORTS, 


LIBRARY. 


The accessions the Library during the year are shown the 


following table: 


THE YEAR 1903. 
Maps, Pho- 


Bound Unbound Specifica- tographs and 
Volumes. Volumes. tions. Drawings. Total. 
Donations— 

answer special 
Eng. News Pub. Co.. 170 249 
regular course.... 507 178 311 348 
Exchange duplicates. 166 263 
252 181 205 312 950 


addition the above, there have been received 652 duplicates, 
and separate numbers complete files periodicals, neither 


which can appear accessions. 
The Library now contains: 


Maps, photographs and drawings............. 312 


The total number titles the Library 853. 


During the year, 228 volumes have been bound, and bound 
volumes which were duplicates were received and have replaced pre- 


viously unbound volumes. 


The following amounts have been expended upon the Library 


during the year: 


Purchase books, 188 volumes...... 
Express charges, 
Fixtures and 4.71 


The total number accessions date 547, inasmuch 883 pamphlets are 
bound volumes with other pamphlets, and each such volume can given the above 


list once only. 
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The value the accessions the Library during the year 
follows, each accession having been valued separately, received: 


Donations and exchanges (estimated 


188 Volumes purchased 636 .33 


The attendance the Library has increased materially during the 
year, and number searches have been made for members who 
could not consult the Library person. 

During the year, the second volume the Catalogue the Library 
was prepared and published. 


PUBLICATIONS. 

During the year the usual ten numbers Proceedings and two 
volumes Transactions have appeared. 

the Proceedings, the list references current engineering 
literature has covered pages, containing 489 classified references 
periodicals. 

The stock the various publications the Society, kept hand 
for the convenience members and others, now amounts 121 753 
copies, the cost which the Society, for paper and presswork 
only, has been $14 401.85. 

During the year, volumes the Society publications have 
been bound, for members and others, the standard half-morocco 
cloth bindings. 

The extra publications during the year have been: Vol. the 
Catalogue the Library; advance issue the Report Full 
the Annual Convention”; pamphlet entitled House the 
American Society Civil Engineers”; and circulars relating 
proposed Union Engineering Building. 


SuMMARY PUBLICATIONS FOR 1903. 
Issued. Edition. Total Pages. Plates. Cuts. 


Proceedings (Monthly 


Advance copy Report 


Constitution and List 


Indexes and Tables Contents. 
Tables Contents and Advertisements. 


136 
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ANNUAL REPORTS. 


The cost publications has been: 


For Paper, Printing, Binding, Transactions and 
Proceedings 


For Boxes, Mailing Lists, Copyright and Sundry Ex- 
For 025 copies Memoirs and Papers............... 944.46 
For Refunds Payments for 141.00 
Deduct amount received for advertisements... 201.00 
Deduct amount received for sale publica- 
Net cost Publications for $11 321.82 


MEETINGS. 


During the year, meetings have been held, follows: Annual 
Meeting, the Annual Convention, regular semi-monthly meet- 
ings, 18. 

these meetings, there were presented formal papers, 
which were illustrated with lantern slides, and topics for informal 
discussion. 

The Thirty-fifth Annual Convention was held the Battery Park 


Hotel, Asheville, C., which the registered attendance numbered 
122 members and 133 guests. 


MEDALS AND PRIZES. 


For the year ending with the month July, 1902, Prizes were 
awarded follows: 

The Norman Medal Gardner Williams, Am. Soe. E., 
Clarence Hubbell, Assoc. Am. Soc. E., and George Fen- 
kell, Jun. Am. Soc. E., for their paper entitled 
Detroit, Mich., the Effect Curvature upon the Flow Water 

Thomas Fitch Rowland Prize William Harts, Am. 
Soc. E., for his paper entitled Description Coos Bay, Oregon, 
and the Improvement Its Entrance the Government.” 

award the Collingwood Prize for Juniors was made. 
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ANNUAL REPORTS. [Society 


FINANCES. 


The attention members invited the Secretary’s statement 
receipts and disbursements, and the general balance sheet which 
accompanies it, which the very satisfactory financial condition 
the Society appears. 


CONCLUSION. 


concluding the report, the Board glad able summarize 
the general condition the Society satisfactory every way. Not- 
withstanding the payment $10 000 the mortgage indebtedness, 
and the appropriation and payment 000 Special Committee 
for the establishment Engineering Headquarters and Engi- 
neering the Society the St. Louis Exposition, the balance 
hand somewhat larger than that last year. addition this, 
the Board has felt justified, after the other National Engineering 
Societies had declined co-operate the project, assuming the 
entire responsibility for the expense holding International En- 
gineering Congress, connection with the Exposition. This Congress 
will held during the week beginning October 3d, 1904, and the 
visit members the Institution Civil Engineers, which has been 
arranged for, will timed that, after brief stay New York 
the guests the Society, all who desire will able attend. 
hoped that all members the Society will aid the Committee which 
has been appointed the Board organize and conduct this Con- 
gress. 

The Board has deyoted much time the effort carry out the 
instructions the Asheville Convention, the preparation the 
project for Union Engineering Building for presentation the 
Society. Everything possible has been done place the project 
such basis that all members may have opportunity vote upon 
it, and the result will placed before this Annual Meeting, together 
with arguments for and against participation the Society. The 
Board makes recommendation this matter, believing that the 
Society large should decide what probably the most important 
question which has yet been called upon determine. 

The reports the Secretary and the Treasurer are appended. 

order the Board Direction. 

CHAS. WARREN HUNT, 


Secretary. 
New January 5th, 1904. 


ANNUAL REPORTS. 


GENERAL BALANCE SHEET, DECEMBER 1903. 


ACCOMPANYING REPORT THE SECRETARY. 


Building and Lot 


Furniture 
Publications hand (inventoried cost, 
Library: 
Cash expended for Books, ete. 721.36 
Estimated Value Dona- 


Due from Members............. 


$191 730.26 
232 


401.85 


890.54 


$303 977 .62 


LIABILITIES. 
Dues for 1904, paid advance............ 281.11 
Funds invested Society House and Lot, 
$303 


New 20th January, 1904.—We have examined the books and accounts the American Society Civil 
Engineers, and certify that the foregoing Balance Sheet accordance therewith, December, 1903; and, 
our opinion, correctly states the condition the Society’s affairs shewn the books that date. 


Co., 
Chartered Accountants. 
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ANNUAL REPORTS. [Society 
REPORT THE SECRETARY, FOR THE 


GENTLEMEN,—I have the honor present statement Re- 
December 1903. append general balance sheet showing 
New January 5th, 1904. 


RECEIPTS. 


Balance hand December 31st, 1902, Bank 
and Trust Company and hands the 


Certificates 


$91 935.12 
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Affairs. 


ANNUAL REPORTS. 


YEAR ENDING DECEMBER 1903. 


AMERICAN Socrety ENGINEERS. 


ceipts and Disbursements for the fiscal year the Society, ending 


the condition the affairs the Society. 
Respectfully submitted, 


CHAS. WARREN HUNT, 


Certificates Membership................... 208 .40 
Advertising 182.98 
Louisiana Purchase Exposition............... 000.00 
Bond and 000.00 
Balance hand, December 31st, 1903: 
Union Trust $19 162.50 


Secretary. 


$65 044.58 


$91 935.12 


7 
| 
| 
q 
7 
| 
| 
“tae 
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REPORT THE TREASURER. 


compliance with the provisions the Constitution, the Treas- 
urer presents the following report for the year ending December 31st, 
1903: 


Balance hand December 1902............. $26 
Receipts from current sources, January De- 


Payment audited vouchers for cur- 
rent business, January Ist De- 


Payment principal Bond and 


Cash advanced Exhibits 
and 
Louisiana Purchase Exposition..... 000.00 
Balance hand December 31st, 1903: 
Union Trust Company .$19 162.50 
National 
743.04 


hands the Treasurer. 
890.54 


Respectfully submitted, 


JOS. KNAP, 
Treasurer, Am. Soc. 


New York, January 5th, 1904. 
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ACCESSIONS THE LIBRARY. 


ACCESSIONS THE LIBRARY. 
From December 9th January 12th, 1904. 


DONATIONS.* 
WORM AND SPIRAL GEARING. 


Frederick Halsey. Second Revised and Enlarged Edition. 
Boards, ins., pp., illus. 


New York, Van Nostrand Com- 
pany, 1903. cents. 


stated the preface that justification for the republication the contents 


this book found the still prevalent opinion among designers machinery that 
worm gearing necessarily short lived 


low efficiency, and the fact that the 
methods laying out spiral gearing are not widely understood the merit and con- 
venience that form gearing make desirable. The author believes that the theory 
worm gearing well fortified the collection facts from experience given 
herein, and points out the procedure followed order insure durability and 
efficiency. Both analytical and graphical methods laying out spiral gearing are 
iven. The solutions relate exclusively gears having their shafts right angles. 
Some the chapter headings are: Worm Gearing; Theory Worm Efficiency; Experi- 
mental Corroboration the Theory; Examples from Practice; Limiting Speed and 
Pressure; Step Bearings; Spiral Gears Compared with Spur Gears; The Speed Ratio: 
The Preliminary Solution; The Lengths the Normal Helixes; Practical Example: 
Final Solution Changing the Center Distance; Finding the Pitch the Tooth Helix; 
The Selection the Cutter. 


TELEPHONY. 


Manual the Design, Construction, and Operation Telephone 
Exchanges. Six Parts. Part IV. The Construction Aerial 
Lines. Arthur Vaughan Abbott. 


pp., illus. New York, McGraw Publishing Company, 1903. $1.50. 


Owing the increase quantity pole line and great decrease the ratio 
wire mileage line mileage, the design the pole line 1903 differs radically from 
that 1893, and this volume effort deal with the conditions the present, with 


the idea devoting little space descriptive matter which chiefly academic its 
nature. Following the plan the previous 


arts, the subject treated manner 
which hoped will value the man who bearing heat and burden the 
day, particularly supplying much needed information costs construction and 
the proper rates maintenance and depreciation. specification framed lines 
which hoped are broad enough cover all but exceptional cases. The Contents 
are: Introduction; The Loaded Line; Routes and Rights Way; Poles; Stresses and 
the Strength Poles; Wire Supports and Wire; Distribution; The Cost Aerial Lines; 
Disturbances Telephone Lines; Specification for the Construction Aerial Lines. 
There index three pages. 


CALENDAR INVENTION AND DISCOVERY. 


Compiled John Cassan Wait. Morocco, ins., unpaged, 
illus. Publishing Company, New York, 1903. Price 
cloth copy, $1.00. (Donated the Author.) 


this book each page reading matter contains brief biographies two noted 
persons who bave contributed materially the industrial progress the world, and 
gives briefly the discoveries inventions made great works erected created 
them. also contains two four poetical quotations, from classic English literature, 
describing illustrating the sciences, industrial arts, invention discovery. The 


have been chosen and applied appropriately discoverer 
the subject which wrought studied. the bottom each 


given, 
chronological order, the important events leading resulting from the inven- 
tion discovery described. work intended encyclopedia great men and 
their doings. indexed poetry, persons and things. 


otherwise specified books this list have been donated the Library 
the publisher, 
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FOWLER’S ELECTRICAL ENGINEER’S YEAR BOOK AND DIRECTORY 
LIGHT, POWER, TRACTION STATIONS. 1904. 


ing Company. shilling pence, net. 


During the past year the Institution Electrical Engineers revised the general 
rules for wiring, and these are embodied this edition the Year Book, are also 
the various Board Trade Regulations and Statutory Rules, relating Tramways, 
Light Railways and Electric Lighting. Numerous tables data have been interpolated, 
with view enriching the text which many parts has been largely rewritten, 
the case the sections Instruments,” Electric 
Dynamos,” etc., while new matter Polyphase Transmission and Induc- 
tion Motors included. The yearly revision has been made the directory electric 
light, power and traction stations the United Kingdom, which forms annuall 
increasing section the book. The particulars station plant, 
more than five hundred installations are given, and effort has been made bring 
the information date. 


AMERICAN METER PRACTICE. 
Lyman Reed. Cloth, ins., 196 illus. New York, 
McGraw Publishing Company, $2.00. 
a 
this book effort has been made outline the underlying principles opera- 
tion and practice, and leave the minor details worked out suit local conditions. 
describing only few meters the author’s object select one each well known 
and representative types. Chapter XIII, How Read Meters, intended interest 
the consumer power who not technical man. will enable him figure out and 
check his meter bills. The headings are: Measurement Power Direct 
Current Circuits; Measurement Power Alternating Current Circuits; Meter 
tion; Torque aud Friction; The Edison Chemical Meter; The Thomson Recording Watt- 
meter; The Duncan Recording Wattmeter for Alternating Current; The Duncan Watt- 
meter for Direct Current; The Stanley Recording Wattmeter; The Guttman 
The Westinghouse Induction Meter; General Management the Meter Department: 
Records; Testing; General Policy; Reading Meters; Value Losses Meters Relative 
Income; Differential Rating; Elements Photometry. 
EXPERIMENTAL RESEARCHES REINFORCED CONCRETE. 
Armand Considére. Translated and Arranged Leon 
Moisseiff, Assoc. M.Am. Soc. With Introduction the 
Translator. Cloth, 6ins., pp., illus. New York, McGraw 
Publishing Company, 1903. $2.00. 
The researches, the results which are given this book, were undertaken the 
year 1898, and cover the time from that date the end 1902. The first published 
report the results obtained found paper the experimenter before the 
French Academy Sciences the end 1898. the work proceeded Considére 
published number papers containing the results his labors. This book consists 
possible, one coherent treatise. has been the intent the translator adhere the 
author’s wording and treatment, avoiding the same time unnecessary repetitions. 
The chapters the book, will seen, follow general, the titles the several 
papers they were published, and also their chronological order. This arrangement 
appeared the best, containing, each paper does, the further development the 
ideas. The Contents are: Reinforced Concrete Bending; The Deformation 
and Testing Reinforced Concrete Beams; Effects Changes Volume Concrete; 
Tensile and Compressive Resistance Concrete; Resistance Concrete Shearing 
and Sliding; Effects Cracks Stresses and Deformations; The Compressive Resist- 
ance Reinforced and Hooped Concrete. 
THE MECHANICAL ENGINEER’S REFERENCE BOOK. 
Hand-Book Tables, Formulas and Methods for Engineers, 
Students, and Draftsmen. Henry Harrison Suplee, Am. 


Leather, 4ins., 834 pp., illus. Philadelphia and 
London, Lippincott Company, 1904. $5.50 net. Without 
thumb index, $5.00. 


The preface states that the many and varying rules and formulas connection 
with mechanical engineering have been examined, and only those which, the judg- 


ment the author, are most generally applicable have been given. the metric gin 
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system has been under active discussion late, many the tables have been presented 
both British and metric units. Among these tables may mentioned the metric 
steam tables, which render convenient make steam computations the metric 
system. This work intended successor the well-known pocket-book 
written many years ago the late John Nystrom. Certain information therein 
contained has been utilized, with such modifications are necessary meet the 
engineering problems and needs the day. The Contents are: Mathematics; Mechan- 
ics; Materials Engineering; Strength Materials; Machine Design; Heat; Air; 
Water: Fuel; Steam; Steam Boilers; Steam Engines; Internal-Combustion Motors; 
Electric Power; The Cost Power; Works Management; Appendix. The volume 
supplied with patent thumb index intended facilitate reference. 


THE POLAR PLANIMETER AND ITS USE ENGINEERING CALCULATIONS. 


Together with Tables, Diagrams and Factors for the Immediate 
Adjustment the Instrument for the Solution Problems Involving: 
The Measurement Large and Small Areas, Average Mean Height 
Indicator and Similar Diagrams, Determination Centre 
Gravity, Measurement Volumes Railway and Canal Excavation, 
Volumes Grading and Dredging Operations, Volumes Reservoir 
and Similar Design and Construction, Quantities and Volumes 
Brickwork, Weights Iron and Other Metals Construction, 
Measurement Displacement Diagrams, etc., etc. 
Wheatley. Cloth, ins., 114 pp., illus. New York, Keuffel 
Esser Co. $3.00. (Donated Carl Bernegau.) 


The publication this work the direct result the author’s experience the 
time his first purchase planimeter, was unable find any treatise the 
subject which would give him the information necessary make intelligent use 
the instrument. This led once toa study, first the theory the planimeter, and 
then the engineering problems the solution which that theory could applied. 


Gifts have also been received from the following: 


Am. Inst. Min. Engrs. ipam. New England Assoc. Gas Engrs. 
Atlantic Coast Line Co. bound vol. 

Binghamton, Y.—City Engr. New South Wales—Ry. Commrs. bound 
Boston, Mass.—Transit Comm. bound vol. 


vol. Y.—State Library. bound vol. 


pam. Oesterr. Ingenieur- und Architekten- 
Ohio—City Council. bound Verein. 


vol. Osgood Dredge Co. photo. 

Cunningham, A.C. Ry. Signal Assoc. 

Great Office. pam., South Australia—Rys.Commr. pam. 
vol. 


Tonindustrie-Zeitung. bound vol., 
Indian Midland Ry. Co., Ltd. Education. bound vol. 
Inst. Civ. Engrs. vol., pam. U.S. Commr. Navigation. bound vol. 
vol. 
Iowa Central Ry. Co. pam. 


am. 

Ordnance Dept. bound vol. 
Kansas City Southern Ry. Co. pam. War Dept. specif. 
Ky.—Inspector Mines. bound vol. U.S. War Dept. Lib. bound vol. 
Lindenthal, Gustav. pam., drawings. U.S. Weather Bureau. 
London, pam. Université Romana. 


Victoria—Agent General. bound. 
Low, Emile. blue Waddell, Montgomery. vol. 
Madras—Pub. Works Dept. pam. Western Australia—Commr. Rys. 
Mead, Elwood. pam. pam. 


PURCHASE. 


The Electrician: Weekly Illustrated Journal Electrical En- 


gineering, Industry and Oct. 25, 25, 1903. vol. 
London, 1901-03. 
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ACCESSIONS THE LIBRARY. [Society 


Text-Book Electrical Machinery. Vol. Electric, Mag- 
netic, and Electrostatic Circuits. Harris Ryan, Am. Inst. 
E., Am. Soc. E.; Henry Norris, Assoc. Am. Inst. E., 
and George Hoxie, Assoc. Am. Inst. E., Jun. Am. Soc. 
New York, John Wiley Sons; London, Chapman Hall, 
Limited, 1903. 


Handbuch der Ingenieurwissenschaften. Vol. Pt. 
vermehrte Auflage. Leipzig, Wilhelm Engelmann, 1903. 


Die Eisenkonstruktionen der Ingenieur-Hochbauten. Ein 
buch zum Gebrauche technischen Hochschulen und der 
Praxis. Von Max Foerster. Erganzungsband zum Handbuche der 
Ingenieurwissenschaften. Zweite, verbesserte.und vermehrte 
Leipzig, Wilhelm Engelmann, 1903. 


The Tribune Almanac and Political Register, 1904. New York, 
The Tribune Association, 1904. 


The Purification Sewage and Water. Dibdin. Third 
Edition, Revised and Enlarged. London, The Sanitary Publishing 
Company, Limited; New York, Van Nostrand Company, 1903. 


Wood. Manual the Natural History and Industrial Applica- 
tions the Timbers Commerce. London, 
Edward Arnold, 1902. 


Bouclier dans Construction des Souterrains. 
Par Raynald Legouéz. Paris, Baudry Cie., 1897. 
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December 9th, 1903, January 12th, 1904. 


Donations (including 136 
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CURRENT ENGINEERING 


MONTHLY LIST RECENT ENGINEERING ARTICLES 


[Society 


INTEREST. 


(December 9th, 1903, January 12th, 1904.) 


This list published for the purpose placing before the 
the Society the titles current engineering articles, which can referred 
any available engineering library, can procured addressing 
the publication directly, the address and price being given wherever 


possible. 


LIST 
the subjoined list articles references are given the number pre- 


fixed this list. 


(1) Journal, Assoc. Eng. Soc., 257 South 
Fourth St.,Philadelphia, Pa., 30c. 

(2) Proceedings, Engrs. Club Phila., 
1122 Girard St., Philadelphia, Pa. 

(3) Journal, Franklin Inst., Philadel- 
Pa., 

(4) Journal, Western Soc. Engrs., Mo- 
nadnock Block, Chicago, 

Transactions, Can. Soc. E., Mon- 
treal, Que., Canada. 

(6) School Mines Quarterly, Columbia 
Univ., New York City, 50c. 

Technology Quarterly, Mass. Inst. 
Tech., Boston, Mass., 75c. 

(8) Stevens Institute Indicator, Stevens 
Inst., Hoboken, J., 

(9) Engineering Magazine, New York 
City, 25c. 

Magazine, New York City, 


Engineering (London), Wiley, 
New York City, 25c. 
(12) The Engineer(London), International 
News Co., New York City, 35c. 
(13) News, New York City, 


The Engineering Record, New York 
City, 12c. 
(15) Gazette, New York City, 


(16) Engineering and Mining Journal, 
New York City, 15c. 
Street Railway Journal, New York 
City, 35c. 
(18) Railway and Engineering Review, 

cientific American Supplement, New 
(20) Iron Age, New York City, 10c. 
(a1) Railway Engineer, London, 

land, 25c. 
Iron and Coal Trades Review, Lon- 
don, England, 25c. 
(23) Bulletin, American Iron and Steel 
Assoc., Philadelphia, Pa. 

(24) American Gas Light Journal, New 
York City, 

(a5) Engineer, New York City, 


Eng- 


Electrical Review, London, England. 
27) Electrical World and Engineer, New 
York City, 

(28) Journal, New England Water-Works 
Assoc., Boston, $1. 

(29) Journal, Society Arts, London, 
England, 15c. 

(30) Annales des Travaux Publics 
Belgique, Brussels, Belgium. 

(31) Annales del’ Assoc. des Ing. Sortis 
des Ecole Spéciales Gand, Brus- 
sels, Belgium. 

Mémoires Compte Rendu des Tra- 

Ing. Civ. France, 

Paris, France. 


(33) Génie Paris, France. 

(34) Portefeuille Economique des Ma- 
chines, Paris, 

(35) Nouvelles Annales Construc- 
tion, Paris, France. 

(36) Revue Technique, Paris, France. 

(37) Revue Mécanique, Paris, France. 

(38) Revue Générale des Chemins Fer 
des Tramways, Paris, France. 

(39) Mechanic, Chicago, 

(40) Railway Age, Chicago, 

(41) Modern Machinery ,Chicago, 10c. 

(42) Transactions, Am.Inst. Elec. Engrs., 
New York City, 50c. 

(43) Annales des Ponts Chaussées, 
Paris, France. 

(44) Journal, Military 
tion, Governor’s Island, New York 
Harbor, 50c. 

and Minerals, Scranton, Pa., 


(46) American, New York City, 

(47) Mechanical Engineer, Manchester, 
England. 


(54) Transactions, Am. Soc. E., New 
York City, $5. 

(55) Transactions, Am. Soc. E., New 
York City, $10. 

(56) Transactions, Am. Inst. Min. 
New York City, $5. 

(57) Colliery Guardian, London, England. 

(58) Proceedings, Eng. Soc. Pa., 410 
Penn Ave., Pittsburg, Pa., 50c. 

(59) Transactions, Mining Inst. Scot- 
land, London and Newcastle-upon- 


Tyne. 

(60) Municipal Engineering, Indianap- 
olis, Ind., 25c. 

(61) Proceedings, Western Railway Club, 
225 Dearborn St., Chicago, 25c. 

(62) American Manufacturer and Iron 
World, Ninth St., Pittsburg, Pa. 

(63) Minutes Proceedings, Inst. 
London, England. 

(64) Power, New York City, 20c. 

(65) Official Proceedings, New York Rail- 
road Club, Brooklyn, Y., 

(66) Journal Gas Lighting, London, 
England, 15c. 

(67) Cement and Engineering News, Chi- 
cago, 25c. 

(68) Mining Journal, London, England. 

Mill Owners, New York City, 10c. 

(70) Engineering Review, New York City, 


(71) Journal, and Steel Inst., London, 
England. 

(73) Electrician, London, England, 
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CURRENT ENGINEERING LITERATURE. 


LIST ARTICLES. 
Bridge. 


Reconstruction Bridge the Midland Railway, across the River Trent.* Frank 
Horace Frere, Assoc. Inst. (63) Vol. 154. 

The Protection Works the Kaisar-i-Hind Bridge over the River Sutlej, near Feroze- 
pur. Amyas Morse, (63) Vol. 154. 


for the Manhattan Bridge across the East River New York City.* 
13) Dec. 10. 


Wabash Steei Concrete Construction.* (40) Dec. 11. 

Moving Seine Bridge.* (12) Dee. 11. 

Concrete-Steel Arch Bridge for the Ry., Plano, (18) Dec. 12; (15) 
11; (14) Jan. (40) 11. 

Towers and Anchorages the Manhattan Bridge, New York.* 14) Dec. 12. 

The Williamsburg Bridge across the East River New York City.* (13) 17. 

The Williamsburg Bridge and the Brooklyn Bridge.* (15) Dec. 18. 

Moving the Passy Bridge, Paris. (14) Dec. 19. 

The Main Span the Williamsburg Bridge, across the East River, New York City.* 
(14) Serial beginning Dec. 19. 

The Opening the New East River Bridge, New York.* (19) Dec. 19. 

Concrete Arch Bridge with Bar and Stirrup Reinforcement.* (13) Dec. 31. 

The Use Scows and Sand Jacks Moving and Lowering Draw-Bridge 
over Passaic River, Newark, J.* Lincoln Bush. (13) Dec. 31; (20) Dec. 

Proposed Plan for Rebuilding the Brooklyn Bridge.* (13) Jan. 

Caisson and Operating Machinery for Heavy Swing Bridge.* (13) 

an. 


Abutments and Solid Floors for Railroad Bridges. Cunningham, 


The Measurement Electrical Conductivity.* Rollo Appleyard, Assoc. Inst. 
(63) Vol. 


The Measurement Power Alternating Circuits.* Patrick Hamilton, Assoc. Inst. 
C.E. (63) Vol. 154. 

Switchboard Construction for Isolated Electric Plants.* (64) Dec. 

Electrical Development Siberia.* Lodian. (64) Dec. 

Testing Electric Generators Air Calorimetry.* (11) (62) Dec. 31. 

Continuous-Current Motors Shunt Control. Hobart. (26) 

ec. 

Stckers (for electricity generating stations). Albert Gay. (Paper read before the Soc. 
Engrs.) (22) Dec. (73) Dec. 11. 

Street Lighting Berlin: Comparison between Electric Are Lights and High-Pressure 


Gas Burners.* (Tr. Paper read before the German Assoc. Gas and Water 
Engrs. (66) Dec. 


The New Electricity Works Exeter.* (73) Dec. 11. 

Durban (S. Africa) Electric Light and Tramways.* (26) Serial beginning Dec. 11. 

The Slow Registration Rapid Phenomena Strobographic Methods: The Ondo- 
and the (Wave-Recorder and Power Recorder).* 
Hospitalier. (Paper read before the Inst. Elec. Engrs.). (73) Dec. 11. 

The Testing Electric Generators Air Calorimetry. Richard Threlfall. (Abstract 
Paper read before the Inst. Elec. Engrs.) (26) Dec. 11. 


Notes Engine Driving Electric Light Stations. Callis. (26) Serial begin- 
ning 11. 


European Single-Phase Railway Motor.* (17) 12. 

Grouping Cells Obtain Maximum Current. (27) Dec. 12. 
Motor-Driven Machinery.* Frank Kleinhans. (27) Dec. 12. 

New Integrating Wattmeter for Alternating Current Circuits.* (27) Dec. 12. 
The Reid Fuel Gas Battery.* (27) Dec. 


Recent Extensions the Bradford Corporation Electrical Undertakings.* (26) Serial 
beginning Dec. 18. 

The Stone Wireless Telegraph System.* Louis Duncan. (73) Dec. 18. 

Producing High Tensions Meansof Alternating Current. (19) Dec. 19. 

Physical Equipment American Central Stations. (27) Dec. 19. 

Electrically-Driven Shops. (Report Committee Master Mechanics’ Assoc.) (18) 
Serial beginning Dec. 19. 

Conductivity Mercury Vapor.* Peter Cooper Hewitt. (27) Dec. 19. 

German Gas Engine Power Stations.* Perkins. (27) Dec. 19. 

Switch Construction.* N.C. Woodfin. (26) Dec. 25. 

Electrical Equipment the Edison Portland Cement Company.* (27) Dec. 26. 

The Berlin Printing-Telegraph Central Station.* Alfred Gradenwitz. Dec 26. 

Recent Electrical Researches Berthelot. (19) Dec. 26. 

Electric Currents Gas and Water Pipes Geneva, Switzerland. 
13) Dec. 31. 

The Secondary Storage Batteries.* (21) Jan. 

Electricity Direct from Fuel.* (64) Jan. 

Differential Duplex Telegraph System.* (73) Jan. 
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CURRENT ENGINEERING LITERATURE. 


Electrical— 


High-Tension Continuous-Current Power Transmission 000 Volts.* (73) 
Johannes (From the Elektrotechnische Zeitschrift.) (73) 
Experiments Eddy Currents.* Thornton. (Paper read before the Inst. 
Elec. Engrs.) Serial beginning Jan. 
Selection and Installation High-Tension Switching Elden. (Paper 
Convention the Assoc. Edison Companies.) (73) 
an. 
Messrs. Glover and Co.’s Cable Works, Manchester.* Jan. 
Christchurch Electricity Works.* (26) Jan. 
New Electric Crane.* (26) 
26) Jan. 1, 
New Two-Rate (26) Jan. 
Water Power Electrical Generating Plant Riva, Tyrol.* (27) Jan. 
Wireless Theory.* (27) Jan. 
German Three-Phase Transformers.* (27) Jan. 
The Government Printing Office: The Electrical Equipment the Largest Printing 
Office inthe World.* (27) Serial beginning Jan. 
Testing Large Alternators.* (27) 
Electrical Plant the Lackawanna Steel Company.* (27) Jan. 
Protection Electrical Apparatus from Lightning and Other Destructive High Poten- 
tials. Howard Sargent. (27) Jan. 
New Line Electric Traveling Cranes.* (20) Jan. 
New Types Voltage Regulators for Generators.* (27) Jan. 
Combined Steam and Water-Power Central Station Richmond.* (27) Jan. 
The Design Motor Starting Rheostats. Arthur Ford. (27) Jan. 
Régulation des Moteurs Appliques Commande des Machines 
Picou. (32) Oct. 
Commande des Ascenseurs Electriques par Boutons-Contacts, Systéme Siemens- 
Schiickert.* Ramakers. (33) Dec. 19. 


Marine. 


The Stone-Lloyd Bulkhead Door.* (12) Dec. 

Floating Dry-Dock for Cavite, Philippine Islands.* Shultz. (13) 
ec. 10. 

Screw Propulsion for Warships. (12) Dec. 11. 

The Tyne General Co.’s Twin Screw Passenger Steamer Mona.* (11) 18. 

One-Hundred-Ton Steel Floating Crane.* Shultz. (14) 19. 

Sectional Steamer for Our Colonial Possessions.* (46) Dec. 19. 


the New Transatlantic Liner Baltic.* Harold Shepstone. (46) 
ec. 19. 


Naval Boilers. (11) Dec. 25. 

The Lake Submarine Torpedo Boat Protector.* (46) Dec. 26. 

Study the Lake Submarine Torpedo Boat Protector.* John Halligan, Jr. (19) 
beginning Dec. 26. 

Shipbuilding and Engineering, 1903. (11) Serial beginning Jan. 

System Lighting Ships. (26) Jan. 

Les Navires Porte-Trains Danois.* (36) Dec. 25. 


Mechanical. 


the Duddingston Shale-Mines and the Niddrie Castle Crude-Oil Works.* 

Balfour Sneddon. (59) Vol. 26, Pt. 

The Policy Gas Enrichment. Arthur Graham Glasgow, (8) Oct. 

Heat Economy the Steam Engine. (8) Oct. 

Gas.* (Description manufacture Coal and Water Gas.) Thomas Miller. 
(Paper read before the Louisiana Eng. Soc.) (1) Oct. 

Mond Gas-Driven Rolling Mills and Power Plant the Works Messrs. Monks, Hall 
Company, Ltd., (22) Nov. 27. 

The Transmission Power Ropes. Kenyon. (Abstract Paper read before 

the Staffordshire and (22) Nov. 27. 

Diagram for Adiabatic Expansion Steam.* Ekman. (64) Dec. 

The Use Superheated Steam.* Storm Bull. (4) Dec. 

Portland Cement Manufacture. Edwin Eckel. (60) Serial beginning Dec. 

Low Pressure Hot Water Heating the Reck Patent Circulator System.* Ingham 
(Paper read before the British Inst. Heating and Ventilating Engrs.) 
(70) 

Blast Furnace Gas Engines the Lackawanna Steel Company’s Plant.* (64) Dec. 

Saturated Air Condensers.* (64) Dec. 

Theory the Cooling Tower. H.L. Nachman. (64) Dec. 

Steam Turbines Europe.* Emile Guarini. (64) Dec. 

The Development the Outside Spring Indicator.* Robert Grimshaw. (64) Dec. 

The Jennison Water Cooler Tower.* (64) Dec. 

Regularity Firing.* Parker. (64) Dec. 
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ENGINEERING LITERATURE. 


Mechanical—(Continued). 


Stokers (for electricity generating stations). Albert Gay. (Paper read before the 
Engrs.) (22) (73) Dec. 11. 
New Mechanism. four-piece skew linkwork.) Bennett. (11) Dec. (62) 


Jan. 

Heavy Turret Lathe.* (11) Dec. 

The Hyatt Flexible Roller Bearing.* (22) 

Steam Autocar Notes: Small Steam Engines.* Bickford. (12) Dec. 

The Pelton Wheel for Rolling Mills.* (12) Dec. 

Notes the Design Vertical Boilers.* (47) Serial beginning Dec. 

The Bottom Green Sand Mould. Thomas West. (Paper read before the New 
England Foundrymen’s Assoc.) (47) Dec 

Recent Developments the Construction and Working Gas-Engines. Capper, 
Inst. (Paper read before the Junior Inst. Engrs.) (66) Dec. (24) 
Serial beginning Jan. 11; (11) Dec. 18; (47) Serial beginning Jan. 

Street Lighting Berlin: Comparison between Electric Arc Lights and High-Pressure 
Gas-Burners. (Tr. Paper read before the German Assoc. Gas and Water 
Engrs.) (66) Dec. 

Economy Mill Water.* Jesse Scobey. (16) Dec. 10. 

Power and Machinery the St. Louis World’s Fair.* (20) Dec. 10. 

Pierson’s Gas Producer.* (62) Dec. 10. 

Design Rolls.* Emil (From Stahl und Eisen.) (20) 

ec. 10. 

The Westinghouse Blowing Engine.* (11) Dec. 11. 

Winding Engine (12) Dec. 11. 

Air Lift Pumps.* (12) 11. 

Reciprocating Machine Tools.* (12) Dec. 11. 

New Gas-Producing Plants.* (12) 11. 

Davy’s Automatic Gear.* (47) Dec. 12. 

Cost Production Power from Fuel. Miller, (47) Dee. 12. 

Condensing Plant for High with Limited Water Supply. W.H. Roy. (Paper 
read before the Manchester Assoc. Engrs.) (47) Serial beginning Dec. 12. 

The Manufacture Steel Rails.* (19) Dec. 12. 

Manufacture Gun Steel and Armor Plate.* (19) Dec. 12. 

Manufacture Bridge and Building Structural Shapes.* (19) Dec. 12. 

Manufacture Steel Pipe.* (19) Dec. 12. 

Steel Wire and Nail Making.* (19) Dec. 12. 

Chain Making.* (19) Dec. 12. 

Power Equipment Bottle Making Plant.* Hopkins. (14) Dec. 12. 

Rules for the Specification the Ironwork Gasholders.—German Standards. (24) 
Serial beginning 14. 

Lassiter Machine.* (62) Dec. 17. 

Asphalt Mining and Refining the Indian (16) Dec. 17. 

The Cruse Controllable Superheater.* (26) Dec. 18. 

New Forms the Steam Robert Smith. (12) Serial beginning Dec. 18. 

Well Pumps.* (12) Dec. 

Power Plant with Mechanical Draught.* (11) Serial beginning Dec. 18. 

Military Tractor.* (12) Dec. 18; (11) Dec. 18. 

Developments Automobile Construction.* Thomas Clarkson, Mech. E., Assoc. 
Inst. (Paper read before the British Assoc. for the Advancement 
Science.) (11) Dec. 18. 

Electrically-Driven Shops. (Report Committee Master Mechanics’ Assoc.) (18) 
Serial beginning Dec. 19. 

Test Turbines for the Cleveland, Elyria Western Railway. (17) Dec. 19. 

New Smoke Consuming Furnace.* (17) Dec. 19. 

Steam Shovel.* (18) Dec. 19; (40) Dec. 18. 

The Top Sand Mould. Thos. West. (47) Dec. 19. 

Plant the Broadway-Maiden Lane Building. New York.* (14) 

ec. 

One-Hundred-Ton Steel Floating Crane.* (14) 19. 

The Power Plants the St. Louis World’s Fair. Dec. 19. 

Edison Portland Cement Company: Plant New (20) Dec. 24; (27) Dec. 
26; (14) Dec. 26; (13) Dec. 24; (67) Dec. 

The New Flues and Stack Anaconda.* (16) Dec. 24. 

Trench Excavating Machinery.* Ernest McCullough. (13) 

ec. 24. 

Condensing Plant for High Vacuum. (62) Dec. 24. 

Smoke Prevention. Bryan. (Abstract Address delivered before the engineer- 
ing students Purdue Univ.) (15) Dec. 25; (62) Jan. 

Some Recent Examples German Crane Construction.* (22) Dec. 25. 

The Westinghouse Foundry Trafford City.* (15) Dec. 

Thread-Milling Machine. (11) Dec. 25. 

Air Motors and Air Hammers. Max. Wickhurst. (18) Dec. 26. 

Heating Costs Various Systems. Byers Holbrook. (14) Dec. 26. 

The Centrifugal Pumps. (14) Dec. 26. 

Improvements Valve Gears.* John Riekie. (Paper read before the Inst. Engrs. 
and Shipbuilders Scotland.) (47) Dec. 26. 
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CURRENT ENGINEERING LITERATURE. 


Mechanical—(Continued). 


Westinghouse Steam Turbine.* (47) Dec. 
Dynamometric Fan for Measuring the Power Gasoline Motors.* (19) 
ec. 26. 
Peat Coal Electrical Process. (46) Dec. 26. 
Pneumatic Rail Unloader.* (46) Dec. 26. 
Starting Device for Explosion Motors.* (47) Dec. 26. 
Combined Coal and Water Gas Plant.* (66) Dec. 29. 
The Ball Crank Pin Grinder.* (20) Dec. 31. 
Key Seat Milling and Routing Machine.* (20) Dec. 31. 
The Bullard 42-inch Boring and Turning (20) Dec. 31. 
American Tests Rapid Cutting Tool Steels. (20) Dec. 31. 
Blast Furnace Gas asa Source Power.* Jan. 
Hydraulic Power Foundry and Machine Shop.* Joseph Horner. (10) Jan. 
Superheated Steam for Steam Engines.* Bryan Donkin. (10) Jan. 
The Condenser Plant Glasgow Electric Power Station.* (64) Jan. 
Starting Gas Engines.* Ferry. Jan. 
Novel Design Electrically-Driven Milling Machines.* (25) Jan. 
The Kilgore Direct-Acting Steam Shovel.* (25) Jan.; (13) Dec. 17; Dec. 18. 
Acme Gas, New Fuel.* (25) Jan. 
Cutting Speeds and Feeds with the New Tool Steels. Oberlin Smith. (9) Jan. 
European High-Power Gas Engines Recent Design. Frank Perkins. (41) Jan. 
The Company’s New Plant West Allis.* (41) Jan. 
The Hot-Water Meter for Boiler-Evaporative Tests.* John Drew. (41) Jan. 
The Mechanics Barrier-Pole.* (21) Jan. 
Sugden’s Combined Stop and Isolating Valve.* Jan. 
Prelimin Experiments Air Friction.* Odell. (Paper read before the British 
Assoc. for the Advancement Science.) (11) Jan. 
and Tools Employed for Die-Cutting.* Joseph Horner. (11) Serial beginning 
an. 
Heat Transference through Boiler-Plates.* (11) 
Constant Belt Speed Milling Machine. (18) Jan. (41) Jan. 
The Inspection and Care Steam Boilers. (47) Serial beginning Jan. 
Types Gas Producers.* Humboldt Sexton. (47) beginning Jan. 
Conveyors Modern British Power Houses.* Arch. Little. (17) Jan. 
The Clairton wenty-eight-Inch Three-High Billet Mill.* (14) Jan. 
High Power Westinghouse-Parsons Steam Turbines.* (14) Jan. (27) Jan. 
Notes Gaseous Firing.* (Paper read before the Yorkshire Junior Gas 
Assoc.) (24) Jan. (66) Dec. 15. 
Heating and Ventilating Foundries and Machine Shops. Carrier. (Paper 
read before the Amer. Foundrymen’s Assoc.) (24) Jan. 
Rapid Cutting Tool Steel. (62) Jan. 
The Wieland Pipe Threading and Cutting Machine.* (20) Jan. 
Modernization Engine Building. The New Plant the Hooven-Owens-Reutschler 
Company.* (20) 
Cincinnati Electrically Driven Milling Machine.* (20) Jan. 
Whiting Punching and Coping Machine.* (20) Jan. 
Rapid Machining Crank Shafts.* (20) Serial beginning Jan. 
Central Condensing Systems.* Louis Alberger. (20) Jan. 
Problems the Designing Large Steam Units. (20) Jan. 
Works the Lackawanna Company, Buffalo, Y.* (20) Jan. 
The Almendares Portland Cement Works, Cuba.* (14) Jan. 
Westinghouse-Parsons Turbo Units.* (17) Jan. 
Some High Power Gas Burners.* W.H. Birchmore. (24) Jan. 11. 
Rapid Method for the Determination Sulphur Coal and Coke. Pennock and 
Morton. (24) Jan. 
Calcul Benefice Surchauffe dans les Machines Imparfaites. Delaporte. (37 


Nov. 30. 

Barsky from the Zeitschrift des Vereines Deutscher Ingenieure.) (37) Serial 
beginning Nov. 30. 

Régulateur pour Turbines Lombard.* (37) Nov. 30. 

Les Outils Rapides.* J.T. Nicolson. (37) Nov. 30. 

Note Relative Transmission Chaleur Travers les Parois d’un Local 
Dec. 

Rampe Mobile Electrique entre Plage Ville Biarritz.* René Weil. (33) Dec. 12. 


Train Automobile Propulsion Continue Colonel Ch. Renard.* Espitallier. 
(33) 19. 


Metallurgical. 


The Analysis High Speed Steels. (62) Dec. 10; (12) Dec. 11. 

New Process for Avoiding Piping Ingots.* (22) Dec. 18. 

The Freid Gravity Dry-Process Separator.* DouglasMcLean. (16) Dec. 24. 
Testing Ores Vanning.* Richard Pearce. (16) Dec. 24. 

The New Flues and Stack Anaconda.* (16) Dec. 24. 

Some Neglected Points Furnace Construction.* (62) Dec. 31. 
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Metallurgical—(Continued). 


The Effect Impurities Commercial Copper. Ernest Lewis. (62) Dec. 31. 

Milling Silver Ores Pachuca. Henry Collins. (Abstract Paper read before 
the Inst. Min. and Metal.) (16) 

The Canadian Copper Company’s Plant Copper Cliff.* (16) Dec. 31. 

Brazing Cast Iron.* (64) Jan. 

and Metallurgical Applications Aluminothermics.* Emile Guarini. (9) 

an. 

Some Practical Hints the Manufacture Open Hearth Basic Steel. Wilson. 
(Paper read before the West Scotland Iron and Steel Inst.) (62) Jan. 

Military. 


Manufacture Gun Steel and Armor Plate.* (19) Dec. 12. 
Military Tractor.* (12) Dec. 18; (11) Dec. 18. 


Stability Tests for Nitrocellulose and Nitrocellulose Powders.* Albert Sy. 
Serial beginning Jan. 


Mining. 


Mine Dams.* Alexander Faulds. (59) Vol. 26, Pt. 

Safety Appliances for the Prevention Overwinding.* Kuss. (From Annales des 
Mines.) Serial beginning Dec. Abstract (22) Dee. 11. 

Winding Plant for the Oliver Iron Mining Company, Ely, Minn. (22) Dec. 

Mining and Refining the Indian Crane. 


(16) 17. 
Mineville Magnetite Mines: Recent Improvements the Mining and Separating 


Plant Witherbee. Sherman Co., Port Y.* (20) 17. 
Tester.* (12) Dec. 18; (22) Dec. 18. 


Blosfield’s Safety Brake for Winding Engines.* (22) Dec. 18. 

Improved Mining Appliances Belgium Collieries.* (From Annales des 
Mines Belqique.) (57) Dec. 24. 

The Limits and Possibilities Deep Mining.* E.H. Roberton. (9) 

The Treadwell Group Mines, Douglas Island, Alaska.* Robert Kinzie. 


(45) Jan. 
Deep Alluvial Mining New South Wales, Australia.* Browne. (Paper read be- 
fore the Australasiar Inst. Min. Engrs.) (45) Jan. 
Tunneling Shield.* (14) Jan. 


Electrique dans les Mines Desquiens. (36) 

25. 

Sécurité pour Plans Schmerber. (33) Serial beginning 
26. 

Miscellaneous. 

Some Unsolved Problems Engineering. W.H. Maw, (63) Vol. 154. 

Theory Units. Antonio Llano. 


Oct. 
Cost Earth Excavation Steam Daniel Hauer. (13) Dec. 31. 


The Homes the Great Engineering Societies.* Henry Harrison Suplee. (9) Jan. 
Municipal. 


Street Lighting Berlin: Comparison between Electric Arc High-Pressure 
Gas Burners.* (Tr. Paper read before the German Assoc. Gas and Water 
Engrs.) (66) Dec. 


for Pavements Brooklyn, New York City. Pollock. 
14) Dec. 26. 

Criticisms Asphalt Paving Estimates Detroit, Mich. Raymond. (60) Jan. 
Raising the Grade (15) Jan. 

Railroad. 


Notes Railroad Surveying. Charles John Albrecht, (63) 


Locomotive Percy John Cowan, Assoc. Inst. 


(63) Vol. 
154, 
The Use Logarithmic Plotting Curves.* Russell Scott Scholefield, Assoc. 
Inst. (63) Vol. 154. 
(For Locomotive Boilers.) Fergusson. 
ec. 12. 


Train Pipe Leakage. C.C. Farmer. (61) Nov. 17. 

Suburban Carriages: Illinois Railroad.* (21) Dec. 

Four Coupled Express Engines: Great Central Railway.* (21) Dec. 
8-Coupled Tank Engine for Suburban Traffic: Great Northern Railway.* (21) Dec. 
Bogie Express Engines: Glasgow and South Western Railway.* (21) Dec. 
The Westinghouse Electro-Gas Signal.* (11) Dec. (62) 31. 


Locomotive for the Great Western Railway.* Charles Rous-Marten. (12) 


(61) Nov. 17; Abstract (47) 


Six-Wheels Coupled Express Locomotive—Chemin Fer (12) 11. 
Wabash Steel Concrete Construction.* (40) Dec. 11. 

Driving Last Spike the Ogden-Lucin Cutoff.* Dee. 

The First Consolidation Locomotive for Great Britain.* (40) Dec. 11. 

New Santa Freight Houses Kansas City.* Dec. 11. 

Signaling Phillipsburg and Easton.* (15) Dec. 11. 
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Railroad—(Continued). 
Ogden-Lucin Cut-Off.* (15) Dec. 


Terminal Station for the Wabash Pittsburg.* (18) Dec. 12. 
The Central London Railway. Dec. 12. 


Experiments with New ompound Locomotive Italy.* (19) 12. 

The Manufacture Steel Rails.* (19) Dec. 12. 

The Cost Concrete Tunnel Lining and Tunnel Excavation.* Geo. Lee, Jun. Am. 

Hall Electro-Gas Normal Danger Signals the Union Pacific.* Dec. 18. 

M’Kees Rocks Shops the Pittsburg Lake Erie.* (40) Dec. 18. 

Two New Railroads Alaska.* Dec. 18. 

New Passenger Equipment the Chicago Great Western.* Dec. 18. 

Cafe Parlor Car, Chicago Great Western Ry.* (18) Dec. 19; (40) Dec. 18; (39) 
an. 

Tunnel Work the Pennsylvania Entrance into New York.* (18) Dec. 19. 

Locomotive Testing the St. Louis Exposition. (18) Dec. 19. 

Track Circuit Block Signal for Electric (13) 24; (40) 11. 

Wabash Atlantic-Type Locomotives.* (15) Dec. 25. 

The Young System Automatic Block Signals.* (15) Dec. 

The Philadelphia Reading Norristown Connection.* (40) Dec. 25. 

The Locomotive Boiler—Its Growth and Needs.* Henderson. (40) Dec. 25. 

The New Lake Shore Consolidation Engines.* (40) Dec. 25. 

Heavy Tank Locomotive for the Great Northern Railway.* (11) Dec. 25. 

Automatic Block Signals for Electric Railways.* (18) Dec. 26. 

The First British Steam Railway Adopt Electrical Working. (46) Dec, 26. 

Improvements the Lackawanna Railroad.* (14) Serial beginning 
26. 


Goss. (47) Serial beginning 


Car Heating Steam Mixed with Air; Eastern Railway France.* (13) Dec. 31. 


The New Southern Pacific Passenger Station San Antonio, Tex.* John Isaacs, 
Am.Soc. (13) 31; Dec. 18. 

The Care Locomotive Boilers. Wells. (Abstract Paper read before the 
Pacific Coast Ry. Club.) (21) Jan. 

Ten-Wheeled Express Passenger Engines: Great Central Railway.* (21) Jan. 

The Brill Truck.* (21) Jan. 

12-Ton Private Owners’ Wagons.* (21) Jan. 

Rail Bonds. Harrington. (3) Serial beginning Jan. 

New Locomotive: Néw York Central Hudson River Railroad: 2—8—0 

e.* (25) Jan. 


Railroad Locomotive Testing Plant for the St. Louis Exposition. 
25) Jan. 
High-Speed Electric-Railway Trials.* Alfred Gradenwitz. 


Jan. 

Coal and Water Tests Freight Locomotives.—A., Ry. (39) Jan. 

Freight Locomotive—Chesapeake Ohio Railway.* (39) Jan. 

Locomotive Frame Deflections.* (25) Jan. 

Heavy Freight Locomotives: Lake Shore Michigan Southern Railway: 2-8-0 Type.* 
(25) Jan.; (39) Jan. 

The Chamonix Electric Railway.* Archibald Wilson. (10) Jan. 

around the Falls the Madeira River, Brazil.* Nichols. 


an. 

50-Ton Steel Underframe Box Car.* (15) Jan. 

Electrification the Liverpool-Southport Line.* (12) Jan. 

Chicago Alton New Atlantic Locomotive.* (40) Jan. 

Heavy Consolidation Locomotive, Lake Shore Michigan Southern Ry. (18) Jan. 

Reconstruction the Lackawanna Tracks through Newark.* (46) Jan. 

Improved Tunneling Shield.* (14) Jan. 

Electrical Equipment the North Shore Railroad from San Francisco San Rafael.* 
(17) Serial beginning Jan. 

The Development Railroad Braking. Parke. 


(15) 


(17) Jan. 
Potential Oil Switches.* (17) Jan. 
Massachusetts Railroad around the Wachusett Reservoir.* 
14) Jan. 


Brakes and Sand. Edward Boynton. (17) Jan. 

Railway Ditching Machine.* (13) Jan. 

New York, Ontario Western Box Car.* 

The Calculation the Stresses and the Practical Design Structures Steel Con- 
crete.* Walter Colpitts. (40) Jan. 

All-Electric Interlocking.* (40) Jan. 

Freight Locomotive—Saxony State Railways.* Charles King. 
(15) Jan. 8. 

Turbo-Generator Units for Pennsylvania Tunnel.* (18) Jan. 


Direct Current Traction the New York Central Railroad System. 
27) Jan. 9. 
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Railroad—(Continued). 


100,000-Lbs. Capacity Coal Car, C.,M. St. Ry.* (18) Jan. 
Electric Interlocking for the Texas Pacific Ry., Texarkana.* (18) Jan. 
Types Récents Voitures des Chemins Fer Tramways Hongrois.* Morizot. 


(34) Dec. 

34) Dec. 

Systéme Nouveau pour Revétement Talus Tranchées Chemins Fer, Routes, 

Note sur les Appareils Electriques pour Commande des Aiguilles des Signaux 
(Systéme Ducousso Rodary).* (38) Dec. 

Frein Automatique Air Comprimé: Systéme Lipkowski. Barbier.* (33) Dec. 

Les Locomotives pour Voie Etroite avec Fortes Rampes Courbes Faible Rayon.* 
Bonnin. Dec. 10. 

Construction Tunnels Terrains Immergés.* (33) Dec. 26. 


Railroad, Street. 


with Street Tramways.* Harry Ernest Prescott, Inst. 

3) Vol. 154. 

The Multiple Control the Traction Problem Pittsburg. Storer. 
(5 Ov. 

Durban (S. Africa) Electric Light and Tramways.* (26) Serial beginning Dec. 11. 

Interurban Electric Traction Versus Direct-Current. Paul 
Lincoln. (27) Dec. 12. 

Economies Introduced the Use the Automotoneer. (17) Dec. 12. 

Electric Heating Third Rails for Sleet Removal.* (17) Dec. 12. 

European Single-Phase Railway Motor.* (17) Dec. 12. 

Results the City and South London Railway.* (73) Serial beginning Dec. 


The Winter-Eichberg Single-Phase Railway System.* (27) Dec. 19. 
Improvements Kentucky System.* (17) Dec. 19. 
Alternating Motors for Railway Service. Louis Bell. (17) Dec. 19. 
The Rolling Stock the Great Northern and City Railway.* (12) Dec. 25. 
The City and South London Railway. (Abstract Paper read before 
nst. Elec. Engrs.) (47) Serial beginning Dec. 26; (26) Serial beginning Dec. 


Electric Traction Monophase Current.* Emile Guarini. (19) Dec. 26. 

Improved Method Subaqueous Construction the Harlem River Crossing the 
New York Rapid Transit Railroad.* (14) Dec. 26. 

Application Single-Phase Alternating Current for Traction and Railway Service. 
Lamme. (27) Dec. 26; (17) Dec. 26. 

New Interurban Railway Switzerland.* (17) Dec. 26. 

Repair Shop Practice the Camden Suburban Road.* (17) Dec. 26. 

The the Electric Railway Motor. Dodd. (Abstract Paper read 
before the New York Elec. Assoc.) (17) Dec. 26. 

Alternating Current for Signaling Interurban Electric Railways.* (17) Dec. 26. 

Tram-Rail Joints.* (21) Jan. 

New System for Track Circuit.* (40) Jan. 

Electric Traction with Alternating Currents. (Paper read before the 
Inst. Elec. Engrs.) (47) Serial beginning Jan. (26) Serial beginning Jan. 
Serial beginning Dec. 18. 

Arnold Electro-Pneumatic System—Lansing, St. Johns St. Louis Ry.* (18) 
Jan. (15) Jan. (40) Jan. 

Semi-Convertible Cars for the Public Service Corporation New Jersey.* (17) Jan. 

The Arnold Electro-Pneumatic Railway System Employed the Lansing, St. Johns 
and St. Louis Railway.* Bion Arnold, Am. Inst. (27) (19) Jan. 
(17) Jan. (13) Jan. 

The Jackson Creek Railway.* W.G. Fargo. (17) Jan. 

The Street Railway System Richmond, Va.* (17) Jan. 

Plant the Virginia Passenger Power Company, Richmond.* 

14) Jan. 

Combination Snow-Plow and Freight Car.* Jan. 

Inter-Urban Electric Traction Systems. (18) Serial beginning Jan. 

Controleur Systéme Westinghouse.* (33) Nov. 28. 


Sanitary. 
Syphons the Sewerage System Newton, Mass.* Irving Farnham. (60) 


Plumbing the Stable Col. Daniel Lamont, New York.* (70) Dec. 

The Experimental Bacterial Treatment London Sewage. Frank Clowes. (60) Dec. 

Comparison Chemical and Tank Systems Preludes Artificial Filtration. 

Archibald. (Abstract Paper read before the British San. Inst.) (60) 

Epidemic Butler, Pa.* George Soper, Assoc. Am. Soc. 
13) Dec. 24. 

The Farington Sewage Disposal Works. (14) Dec. 
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CURRENT ENGINEERING LITERATURE. 


Sanitary—(Continued). 


The Septic Tank for the Treatment Sewage the Soldiers’ Home near Santa Monica, 
Cal.* James Schuyler. (60) Jan. 

The Sanitary Disposal Municipal and Institutional Waste Cremation.* 
Morse. (Abstract Paper read before the Amer. Public Health Assoc.) (60) Jan. 

Ventilation and Heating the Penobscot County Court House, Bangor, Maine.* (14) 


an. 
Water Supply and Drainage Systems the Lorraine Hotel, New York.* (14) Jan. 
Bains Populaires.* (36) Dec. 10. 


Structural. 


James Tayler Milton, Inst. E., and William James Larke. 

Vol. 154. 

Concrete-Metai Construction.* Emile Villet. (Paper read before the Technical Soc. 
the Pacific Coast.) (1) Oct. 

Portland Cement Manufacture. Eckel. (60) Serial beginning Dec. 

24) Dec. 28. 

Suspended Curved Double Stairway Reinforced Concrete.* (14) Dec. 12. 

The Concrete-Steel Stadium the Athletic Field Harvard University.* (14) 12. 

Columns for Old Building.* Keith Guthrie. (13) 

ec. 17. 

Raising Brick Dwelling One Hundred and Sixty Feet.* (14) Dec. 19. 

The New Flues and Stack Anaconda.* (16) Dec. 24. 

The New Worthington Hydraulic Works Harrison, J.* (13) Dec. 31. 

Structural Details the Kuhn-Loeb Building, New York.* (14) Jan. 

The Effect the Tensile Strength Cement Removing Briquettes from Water for 
(13) Jan. 7. 

Underpinning Corner Column Slender Pier.* (14) Jan. 

Fabrication Ciment Portland Artificiel.* (33) Serial beginning Nov. 28. 

Usine Chaux Hydraulique Ciment Grappier, Anonyme des Chaux 
Galeria (Corse).* J.Boero. (35) Dec. 

Petites Maisons Jumelles, Rue Masset, Vichy (Allier).* Rivoalen. (35) Dec. 


Topographical. 


The Use Logarithmic Scale Plotting Curves.* Russell Scott Scholefield, Assoc. 
Inst. (63) Vol. 154. 


Two Problems Field Engineering.* Arnold Emch. (13) 31. 
Water Supply. 


(63) Vol. 154. 
Middle-Ward District Water-Works.* William Archer Porter Tail. 
Vol. 154. 
for Finding the Maximum Discharges Rivers. Robert Hunter 
hind, (63) Vol. 154. 
Rainfall and Run-Off New England, Atlantic Coast and Southwestern Colorado 
Streams. William Webber. (1) Nov. 
How Cleveland Checking Water Waste. (60) Dec. 
Gas Engine Pumping Station.* (64) Dec. 
The Water-Works Erie, Pa.* (60) Dec. 
The Water Supply the Blair Building, New York.* (70) Dec. 
New Disk Meter for Water Service.* (70) Dec. 
The Kennicott Water Softener.* Dec. 11. 
Architectural Features Masonry Dams.* (14) Dec. 12. 
The New Water Tunnel Cleveland, Ohio. (14) Dec. 12. 
Cofferdam for the 39th Street Pumping Station Chicago.* (13) Dec. 17. 
The Walden Pond Dam the Lynn Water-Works.* Leland. (14) Dec. 19. 
The Storage Flood Water. Henry Robinson, Inst. (Paper read before the 
British Assoc. Water-Works Engrs.) (66) Dec. 22. 
and Baron. (12) Serial beginning Dec. 25; (22) Dec. 25; (11) 
25. 


New Water Supply for Margate.* (12) Dec. 25. 

The Mechanical Plant for the Danville Water Dec. 26. 

New Reservoir for the Hoylake and West Kirby Gas and WaterCompany. Alfred 
Jenkins, Assoc. Inst. (Abstract Paper read before the British Assoc. 
Water-Works Engrs.) (66) Dec. 29. 

the Possibilities Water Filtration. Allen Hazen, Am. Soc. 

13) Dec. 31. 

The Cincinnati Water-Works Tunnel.* Brown, Soc. (13) 31. 

The Clarification Ohio River Water Cincinnati. Frank Kelley. read 
before the Central States Water-Works Assoc.) (60) Jan. 

The Belmont Filtration Works.* John Hill. (3) Serial beginning Jan. 


Water Supply and Drainage Systems the Lorraine Hotel, New York.* (14) Jan. 
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Topographical—(Continued). 


The Conduit the Jersey City Water Supply Company.* (14) Jan, 
Galleries for the Water-Works Laredo, Texas. (14) 


Barrage Terre Tabeaud prés Jackson (Californie).* (33) Dec. 19. 
Waterways. 


The Protection Works the i-Hind over the near Ferozepur. 

The Haskell Self-Registering Water Gauge.* (4) Dec. 

Dredging Plant and Clyde Improvement.* (12) Dec. 

New Station for the Rating Current Meters the Geological Survey, 
Denver, Colorado.* Hinderlider. (14) Dec. 19. 

The Solution the Isthmian-Canal Problem. enry ‘Abbot. (9) Jan. 

and Personnel the Building the Panama Canal. Fullerton Waldo. 

Raising the Grade Galveston.* (15) Jan. 

Electricity the Miami and Erie Canal.* (46) 

Port d’Escale Zeebrugge.* Charles Piens. (30) Dec. 

Notice sur Systéme Revétement Dalles boitements pour Consolidation 
Talus des Digues des Canaux et.Riviéres des Digues Mer. J.Conard. (30) 


Notice sur les Derniers Travaux Exécutés aux Ports Génes Venise.* 
Antonelli. (30) Dec. 
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Vol. XXX. JANUARY, 1904. No. 


AMERICAN SOCIETY CIVIL 


INSTITUTED 1852. 


PAPERS AND DISCUSSIONS. 


This Society not responsible, body, for the facts and opinions advanced 
any its publications. 


METHOD 
USED THE RAILROAD COMMISSION, 
TEXAS, UNDER THE STOCK 
AND BOND LAW, 
VALUING RAILROAD PROPERTIES. 


The issuance all kinds railroad securities Texas regulated 
the Railroad Stock and Bond Law, and the execution its pro- 
visions under the jurisdiction the Railroad Commission. this 
matter, Texas the pioneer the States the Union, other State, 
within the knowledge the writer, having legislated upon 
the extent having prescribed fixed basis value beyond which 
the railroads cannot increase the indebtedness secured mort- 
gage lien upon their property. The law Texas, addition 
controlling and regulating absolutely the issuance and execution all 
stocks and bonds railroads, defines the method which must used 
the Railroad Commission arriving the proper value the 
properties, which shall serve the basis for such issuance. 

papers are issued before the date set for presentation and discussion. 
Correspondence invited from those who cannot present the meeting, and may 
sent mail the Secretary. Discussion, either oral written, will published 


subsequent number Proceedings, and, when finally closed, the papers, with discussion 
full, will published Transactions. 
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Papers. VALUATION RAILROAD PROPERTIES. 


The Texas Railroad Stock and Bond Law was enacted 1893, 
supplement and strengthen the general Railroad Commission 
passed the State Legislature 1891, which placed the hands 
Commission, among other things, the entire control over, and regula- 
tion of, all freight rates and tariffs. The necessity fora law, limiting, 
some reasonable basis, the capitalization the railroads, and operating 
connection with the control freight charges, was obvious after 
some certain judgments which had been handed down shortly before 
the United States Federal Courts. These decisions held, effect, 
that any State tribunal affecting control and regulate the charges 
railroads for freight transported within the State, must permit the 
railroads earn, addition the current expenses maintenance 
and operation, the interest their outstanding bonds and fair 
dividend their stock. was considered that the Commission 
elected regulate freight charges was effective, must have 
supervision and control over the issuance stock and bonded 
securities, otherwise, and other popular methods 
vogue, the railroads could make their indebtedness high they 
chose, thereby preventing, accordance with the decisions the 
Courts, any reduction rates that the Commission might consider 
reasonable. 

Another reason for the enactment the Stock and Bond Law was 
that the railroad securities the State might have real and substan- 
tial value, and that innocent purchasers might protected. This 
feature the law has been stated admirably the Hon. John 
Reagan, ex-Chairman the Railroad Commission Texas, the 
Second Annual Report the Commission (1893). says: 


This law will prevent the unlawful and fraudulent issue stocks 
and bonds railroad companies the future this State, and pro- 
tect the people from the exactions necessary satisfy them. will 
protect the purchasers such securities from being imposed 
them, and it. will secure, the companies who may hereafter build 
railroads, real value their property and securities, instead 
merely speculative and fluctuating 


The Railroad Stock and Bond Law, published under Title XCIV, 
Chapter 14, Revised Statutes Texas, 1895, declares 


Article 4584 a.—Among other things, the power and authority 
issuing executing bonds, other evidences debt, and all kinds 
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VALUATION RAILROAD PROPERTIES. 


[Papers. 


stock and shares thereof, and the execution all liens and mortgages, 
railroad corporations this State, are special privileges and 
franchises, the right supervision, regulation, restriction, and control 
which has always been, now, and shall continue vested 
the State Government, exercised according the provisions 
this and other laws. 

Article bonds other indebtedness shall 
increased issued executed any authority whatsoever, and 
secured lien mortgage any railroad part railroad, the 
franchises property appurtenant belonging thereto, over above 
the reasonable value said railroad property; provided that case 
emergency, conclusive proof shown the company the 
Railroad Commission, that public interests the preservation the 
property demand it, the said Commission may permit said bonds, to- 
gether with the stock the aggregate, executed amount 
not more than fifty per cent. over the value the said property.” 


further provides, with regard the railroads constructed and 
operation the time the passage the law: 


Article 4584 c.—It shall the duty the Railroad Commission 
ascertain and writing report the Secretary State, the value 
each railroad this State including all its franchises, appurtenances 
and property. After shall have prepared said report value, the 
Commission shall give the company interested ten days’ notice writ- 
ing, registered letter the president, treasurer receiver said 
railroad, the effect that said report ready made, and that 
have any objections thereto must file them writing, within 
forty days after said service, the same will deposited with the 
Secretary State correct. Should the company its duly 
authorized representative tile with said Commission any objections 
said report value, the Commission shall duly investigate and pass 
the same. investigation, the Commission conclude that its 
report value too low too high, shall make the necessary 
correction before filing it. Should objections filed within the 
time permitted, being filed and examination found without 
merit, the Commission shall forthwith file its said report the office 
the Secretary State, where shall remain public record, 
limitation for the issuance indebtedness under the limitations 
prescribed Article 4584 promote public interests and protect 
private rights, the Commission, after due notice under the rule herein 
prescribed, may correct its report value any railroad any time 
may deem proper.” 

With respect railroads constructed after the passage the 
law, existing that time, but against which stocks and bonds were 
not outstanding excess their value, the following section defines 


the method procedure had making the application for 
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issuance stocks and bonds, and defines the basis which the Rail- 
road Commission must make its valuations: 

Art. 4584 f.—Should any company corporation, authorized 
construct, own operate railroad this State, desire issue 
other indebtedness, secured lien other mortgage 
its franchise and property, advance the completion the said 
railroad, shall make application and first procure the consent 
the Railroad Commission thereto. said application shall exhibit 
the Commission its contract with the construction company, 
have any; the profile its completed road part road, the evi- 
dence its right way, depot grounds, terminal facilities; the 
extent and value work done process completion; the amount 
property received; the amount stock subscribed and the amount 
paid in; and all other necessary facts showing the value the fran- 
chises and property proposed security for said contemplated debts. 
If, investigation, the Commission satisfied that the company 
acting good faith, and that its contract with the construction com- 
pany reasonable and fair the public, then shall authorize the 
execution said indebtedness and lien the extent necessary for the 
demands the work, time more than fifty per cent. over the 
value the whole property and 


After authority has been obtained from the Commission issue 
stocks and bonds upon railroad, and the same any portion 
has been completed, Articles 4584 and the Statute, which 
not necessary quote here, prescribe the method procedure 
have the stocks and bonds registered the office the Secretary 
State. only after such registration that the securities become 
valid obligation against the property which mortgaged. Stocks 
and bonds are approved and authorized registered the Com- 
mission only upon and the actual value the completed railroad, 
the same determined inspection. 


THE Law. 


accordance with the requirements Article 4584 the Stock 
and Bond Law, became the duty the Railroad Commission 
value the railroads the State then existing, and report their values 
the Secretary State. The basis for valuation practically out- 
lined Article and was interpreted the Commission 
mean, the estimated cost duplicating reproducing the properties 
the time valuation, allowing current market prices for labor, 
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materials and equipment, and fair value for all right way, depot 
grounds and other real estate used for railroad purposes. 

The engineers the Commission employed make these valua- 
tions had for their guidance making estimates quantities 
grading, only the profiles the railroads, which were required 
filed with the State under previous statute. The railroads 
that time were not favorably disposed toward the Commission and the 


Law, and was difficult information their original 


cost, even where the same was contained their official records. 
many instances, the railroads had passed through several manage- 
ments and receiverships, and the original construction notes and rec- 
ords had been misplaced were entirely lost. several cases all 
records had been destroyed fire. 

The Railroad Commission appointed engineers assist making 
the valuations, and they, with the profiles referred to, hand, made 
detailed inspection the railroads the ground. The quantities 
excavation and embankment, where the actual quantities could not 
obtained, were estimated approximately from the profiles, using the 
center heights the cross-sections. The classification the ma- 
terials excavation was determined inspection. Where the original 
plans and estimates cost the bridges, buildings and structures 
all kinds could not obtained from the records the railroads, 
their value was estimated from measurements taken the ground. 
The extent and acreage the right way, the depot and terminal 
grounds, were determined actual measurement, from maps 
furnished the railroads, from the city and county tax records. 

After examination railroad had been made the engineers 
the Commission, its valuation was prepared estimate sheets. 
Upon sheets marked Estimate Sheet and headed Estimate the 
Value the Railroad, from Mile No. Mile No. were 
recorded the values the right way and depot grounds, roadbed, 
track, bridges, structures and way buildings for each mile, the value 
ten miles being recorded each sheet. (See Items Sheet A.) 
these sheets space was provided for the units and prices, and 
for carrying out the values for each mile and the totals. 

The value all rolling stock and equipment, and the value such 
properties were properly applicable and chargeable the entire 
railroad, were recorded separate estimate sheet, only one sheet 
being used for railroad. 
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Estimate the Value the ............ Railroad, 
from Mile No. .... Mile No. ..... 


Way. 


Grounps. Exclusive Round House and Machine Shop Sites and Terminal 


Facilities. 
GRADUATION: Clearing and Grubbing. 

Original Excavation: 
Gravel. 
Loose rock. 

Solid rock. 

Tunnels. 

Original Embankment: Hauled. 
Earth. 
Gravel. 
Loose rock. 

Widening excavation. 

Widening embankment. 

Rip-rap. 


Retaining walls. 
Foundations: Excavation, Earth. 


Gravel. 
Loose rock. 
Solid rock. 
Wet. 
Coffer-dams, Pumping, Caissons, etc. 
Piling. 
Grillage. 
Concrete. 
Masonry: Abutments and Piers, First class. 
Second class. 
Third class. 


Cylinders (length and diameter). 
Culverts, First class. 

Second class. 

Third class. 


ry. 

Trusses: Iron and Steel, Through trusses (length). 
and Steel, Deck trusses (length). 
Combination trusses (length). 
Wooden trusses (length). 

Trestles: Trestle bridges (length). 

Piling for Trestles (length). 

Wooden box-drains (length). 

Earthenware drain pipe (length and diameter). 

Wooden cattle guards. 

Iron cattle guards. 

Fencing right way. 

TRACK: Ties. 

Steel rails. 
rails. 
Joints, complete. 
Spikes. 
Laying, including expense two trains. 
Hauling ties. 
Surfacing. 
Ballasting. 
TELEGRAPHS. Line complete. 
Exclusive general offices, machine shops, round houses, etc. 
Passenger depots, including platforms. 
Freight depots, including platforms. 
Cotton platforms. 
Sundry warehouses. 
Train sheds. 
Section houses. 
Water stations. 
Stock pens. 
Coal chutes. 
Wharves. 
Turntables. 
Track scales. 
Road crossings and sidewalks. 
Signs, all kinds. 
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the sheet for the rolling stock, space provided for the descrip- 
tion, number, rate and value all locomotives and cars. 


and there are columns headed follows: Gauge, 
Maker, Size Cylinders, Wheel Base, Length Engine, Total 


Length Engine and Tender, Weight Drivers, 
and Total Weight Engine and Tender. 


The cars are classed follows: 


Weight Engine, 


Passenger Cars. 


Passenger cars, first class. 
class. 
Sleeping cars. 
Chair cars. 
Dining cars. 
Buffet cars. 
Baggage cars. 
Postal cars. 
Baggage and mail combined. 
Express cars, 
Combination passenger and 


se 


Box cars, ft. long and over. 


Stock 


Gondolas. 
Coal cars, 000 Ibs. capacity. 


Freight Cars. 


ft. 

less than ft. 

ars, ft. long and over. 


Flat cars, ft. and over. 


less than ft. 


baggage cars. Tank cars. 
Emigrant cars. Refrigerator cars. 
Cabooses. 


Officers’ cars. 
Office cars. 


Push cars. 


Maintenance and 
Other Cars. 


Pay cars. 

Boarding cars. 

Water cars. 

Wrecking cars. 

Derrick cars. 
Pile-driver cars. 
Excavator cars. 

Dump cars. 

cars (track laying), 


Hand cars. 
Velocipedes. 


Maintenance Way 


Other items are included the following: 


Machine and Re- 


Franchises and Real 

Dept.: air Shops: Estate; 
Excavatorsoncars. Stationary Other than right 
Wheel scrapers. and other way and depot 
Drag wer shops. grounds proper. 
Plows. Machine tools. 
Other toolsin General offices. 

use. use. Machine and repair 
Other toolsin store- Other tools shops. 

house. storehouse. Round houses. 


Terminal grounds. 


Bridges and Build- Other yard exten- 
ings Dept.: sions. 
appliances. 
nary. State charter. 


Derricks cars. 
Derricks, ordinary. 
Barges and scows. 
Other bridge tools 


use. 
Other bridge tools 
storehouse. 


County franchises. 
Municipal fran- 
chises. 


Miscellaneous: 

Legal expenses dur 
ing construction. 
Engineering ex- 
penses during con- 

struction. 

tion. 

Damages contingent 
accident. 

Damages contingent 
land. 

Furniture 
tures, general of- 
fices. 

Furniture 
tures, elsewhere. 

Stationery. 

Interest during con- 
struction. 


Materials and 
Roadway Dept. 
Bridges and Build 
ings Dept. 

Machine and Loco- 


motive Dept. 


Sup- 
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The values applied the several unit items construction, 
materials and equipment were the current market (contract) prices 
for the same, liberal allowance being made for contingencies. The 
values applied the right way and other real estate owned the 
railroads, but used strictly for railroad purposes, were accordance 
with the current market value the adjoining property. deduc- 
tions were made for any property which had been donated which 
had been acquired the railroads less than its market value, but 
all was valued the basis described. The value applied the 
grading quantities was the outside market (contract) price prevailing. 
The values applied lumber, rails, and the other materials con- 
struction were the market quotations, with due allowance for freight 
charges the point construction. deduction was made for 
depreciation the value materials account age, wear and 
tear, usage, etc., being considered that the roadbed, track and all 
structures must maintained first-class and serviceable condition, 
and renewed from time time, whenever necessary. the other 
hand, additional allowance was made for the value seasoned 
roadbed, 
accordance with the instructions the Commission, allow- 
ance was made for franchises any kind except municipal franchises, 
and that case only where the streets city town were occupied 
the tracks railroad lieu the purchase adjoining prop- 
erty. The value then applied such franchise was certain 
percentage the estimated market value abutting properties 
each side the street, less the value the improvements thereon, 
usually about 334 per cent. 
arbitrary allowance, usually from the total esti- 
mated value the railroad, was made cover all the items legal 
and engineering expenses and superintendence.” allowance 
was also made for the item interest during construction.” 
These valuations, after being summarized, were reported the 
Commission, and, upon being adopted it, were transmitted the 
office the Secretary State for permanent record his office, due 


notice, accordance with the statute, having been given the 
railroads. 


: 
23 ty 
— = 
| 
bye 


VALUATION RAILROAD PROPERTIES. [Papers. 
REGISTRATION Stocks AND Bonps For. 


accordance with the provisions Article 4584 the Statute, 
heretofore quoted, whenever any new corporation desires construct 


railroad, whenever any existing company desires make exten- 
sions its system, authority can had from the Railroad Commis- 
sion issue stocks and bonds advance the completion the 
railroad, provided the rules and regulations the Commission gov- 
erning such matters are complied with. These require that 
least actual survey the proposed railroad shall have been made, 
and right way secured, either deed contract, 
show the good faith the company. This authority issue bonds, 
secured from the Commission advance the completion the 
railroad, however, little value the company except guar- 
anty that when certain railroad completed accordance with the 
plans and specifications filed with the application for issuance 
stocks and bonds, the Commission will approve and direct their 
registration the office the Secretary State, after which they 
become valid obligation against the property. This authority, 
upon several occasions, has been used the basis for construction 
and equipment contracts. 

From the plans, specifications, contracts and other exhibits filed 
with application for issuance stocks and bonds, estimate 
the ultimate physical value the railroad, when completed, made 
the Commission, upon the basis heretofore described, and the 
issuance stocks and bonds authorized the amount ofthe estimate. 
before, due allowance made for the value all property which 
donated the railroad, which used for strictly rail- 
road purposes, and for municipal franchises which are actually 

The estimate upon which the issuance stocks and bonds 
based made Estimate Sheets Band which are prepared 
the Commission. One sheet, the form Estimate Sheet 
used for each mile railroad, and, the first column, under the 
heading, Estimate Upon Which Authority Issue Stock and Bonds 
Based,” placed the rate per unit item allowed, and the amount 
and value each item property and construction which enter 
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into the ultimate valuation the railroad, except rolling stock and 
equipment, and such general items are more properly chargeable 
theentire line. These latter items are considered and the values 
applied are recorded the form, “Estimate Sheet and C,” under 
the same heading before, one sheet being used for the entire rail- 
road. The total these estimate sheets determines the amount 
stocks and bonds that the Commission will authorize issued. 

After the railroad, any section it, has been completed, viz., 
the track laid and surfaced, application can then made the 
Railroad Commission for its approval and authority register, the 
stocks and bonds already authorized issued, amount equiva- 
lent the value the completed railroad section thereof. The 
Commission has its engineer make inspection the railroad 
reported completed, and, upon Estimate Sheets and 
above mentioned, the next column, under the heading, Estimate 
for Registration Stock and Bonds,” recorded the value, the 
property acquired and construction completed, applicable. Upon 
approval the report value, the Commission orders the 
registration the stocks and bonds. 

subsequent sections are completed, the Commission will authorize 
additional stocks and bonds their value. Also, upon the completion 
any time thereafter any construction, the acquirement any 
property, contemplated the original application upon which the 
issuance the stocks and bonds was based, such permanent 
bridges, ballasting, fencing, buildings, terminal grounds, etc., addi- 
tional bonds will authorized registered their value the same 
appears the first estimate made the Commission. The value 
these latter items are entered the last column Estimate Sheets 
and 

any case, however, whether not the same was contemplated 
was specified the original application for issuance stocks and 
bonds, since provided Article 4584 that the aggregate amount 
stocks and bonds must not exceed the reasonable value the 
property, any railroad can any time apply the Commission for 
authority issue and register additional stocks and bonds the 
amount the value any permanent improvements, betterments 


and equipments which have been added the property acquired 
the company. 
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RAILROAD COMMISSION TEXAS. 


Rail 


Mile No 


From 


Item. 


Estimate Upon Which 
Authority Issue Stock 
and Bonds Based. 
190 


Estimate for 
Registration 
Stock and Bonds. 
Made...... 


Estimate for 
Registration 
Stock and Bonds. 
Made...... 


Amount. 


Bight 
Depot Grounds........... 
Clearing and Grubbing.. 
Earth Excavation........ 
Loose Rock Excavation. 
Solid Rock 
Earth 
Hauled Embankment.... 
Foundation 
Foundation Piling.. 
Grillage......... 
Masonry Piers.. 
Cylinder Piers..... 
Masonry Culverts........ 


Drains, Box 


Cattle Guards...... 
Fencing 


Joints Complete.......... 


Laying and Surfacing.. 
Switch 
Railroad 
Passenger Depot 
Freight Depot.......... 
Cotton Platform........ 
Section House 
Water Station 
Stock Pen 


Mile No. 


Rate 
Amount. 
Value 


1 
Acre. 
| ‘ | | 
| q 
| 
lin. ft. 
cu. yd. 
lin. 
cu. yd. 
lin. ft. 
Each. 
Mile. 
| 
Ton. 
Each. | 
Keg. 
Mile. 
lin. ft. 
Set. 
Mile. 
sq. ft. 
Each. 
. | | 
| | 
Track 


SHEET; 
SHEET; 
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RAILROAD COMMISSION 


ITEM. 


Estimate Upon 
Which Authority 


Issue Stock and 


Bonds Based. 
Made........190.. 


No.| Rate. Value. 


Estimate for 
Registration 
Stock and Bonds. 


Made..... 


Estimate for 
Registration 
Stock and Bonds. 


Made........190.. 


Passenger Locomotives .... 
Freight Locomotives 
Switch Locomotives 


Express 
Combination Cars.. 


Box Cars..... 
Flat Cars........ 
Coal Cars... 
Refrigerator Cars .......... 
Push Cars..... 


Value. 


Value. 


MISCELLANEOUS: 
Machine Tools 


Machinery ...... 
Round Houses........ 
Furniture, 
Terminal Grounds......... 
........... 
Charter Fees, 


Legal and Engr. Expenses 


Total 


Totals and 
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allowance made, the estimates the Commission, for dis- 
count bonds, brokerage, being considered, theoretically 
speaking, that the stocks and bonds represent, dollar for dollar, actual 
physical values. The margin for any discount bonds profits 
construction, which the promoters and builders railroads Texas 
have, therefore confined the value allowed forthe donations made 
the railroad outside interests, and the difference, there any 
the positive side, between the actual cost the railroad and its 
value the same may estimated the Commission. 

The emergency clause the law, given Articles 4584 and 
4584 which permits the Commission authorize the execution 
indebtedness 50% excess the actual value the property, 
may determine the same be, has been invoked number times 
the railroads cover such items discount bonds, brokerage, etc., 
but the Commission has all cases refused exercise its prerogative 
the matter, holding uniformly that the intention the law 
that the said emergency provision should invoked only cases 
cover losses railroads from extraordinary causes, such fire, 
ete. 


AND CONTROLLING THE RAILROAD COMMISSION 


For the information the public and secure the protection 
investors contemplated the law governing the issuance and regis- 
tration railroad stocks and bonds, the Commission has prescribed 
the following the method procedure under the law necessary 
secure its authority issue and have registered railroad stocks and 
bonds: 

APPLICATION FOR AUTHORITY ISSUE BONDS. 


application the Commission for authority issue bonds 
must set forth the body the application, exhibit thereto, 
the following facts which must signed the president and 
attested the secretary the company making the application: 

Copy the company’s charter. 

Copy the published notice stockholders calling 
meeting thereof for the purpose authorizing the directors the 
company apply the Commission for authority issue bonds, and 
copy the resolutions adopted such meeting the stockholders 
authorizing the directors apply the Commission for authority 
issue bonds. 

contract with the construction company proposing 
construct the road, any. 
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Alignment map located road, not less than 
000 feet the inch, showing property, city and county lines. 

right way and other real estate acquired the cor- 
poration for railroad purposes, duly attested. These must have 
reference the maps, and property; city and county lines should 
properly tied the located line the railroad the customary 
manner. 

there lands traversed the located line which title has 
not been acquired the corporation the time application, 
whether reason delay consequent upon the necessity con- 
demnation proceedings, from other causes satisfactory the Com- 
mission, the deeds thereto shall filed with the Commission they 
may obtained, and their description noted place upon the maps. 

Any change that may made the located line the railroad 
either before during construction must reported the Commis- 
sion order that the same duly recorded, awaiting the final action 
the Commission. 

Maps station grounds, yards and terminals, scale not 
less than 200 feet the inch, showing locations tracks, buildings 
and other structures, and their relation the streets, blocks and lots 
the town city which they are situated, any. 

not less than 400 feet the inch horizontal, and feet the inch 
vertical, showing the following: Nature timber right way 
originally, any; quantities excavation and embankment and their 
classification; location and length sidings and spurs; location 
water stations and nature supply; location and character bridges, 
buildings, and all other way structures. 

Plans and specifications for the following: Graduation; ballast 
and track; bridges, buildings and other standard structures. 

Rolling stock: Number and class locomotives; number and 
class cars all kinds; miscellaneous equipment. 

Detailed estimate the cost the proposed completed road. 

5th. The extent and value work already done process 
completion. 


6th. Amount money and amount and value property re- 
ceived donations the company. 

Aggregate amount stock subscribed the capital the 
company and amount paid thereon. 

8th. Any and all other facts showing the value the franchises 
and property offered security for the contemplated issue bonds. 

The following statement must accompany the application 
exhibit: 

List subscribers capital stock, number shares subscribed 
each, amount stock represented each share, and amount 
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cash, labor property paid thereon. Opposite each name said 
list must affixed number beginning with one, the next highest 
number any certificate stock previously issued. Said statement 
must certified the president the board presiding officer 
the meeting which such stock was authorized, correct and sign 
the person. Said statement certificate must entered upon 
the minutes the board, attested the secretary thereof, with the 
company seal affixed thereto and deposited with the Railroad Com- 
mission. (See Sec. act regulate issuance railroad stocks 
and 

Upon the filing such application, and full compliance with 
the law, the Commission will issue order granting the corporation 
applying therefor authority issue its bonds become first lien 
its franchises, property and completed road part road, such 
bonds approved and directed registered only completed 
road, part road, the extent the value thereof ascertained 
the Commission. 


APPLICATION FOR APPROVAL AND REGISTRATION BONDS THE 
COMMISSION, 


Application the Commission approve bonds and have them 
registered the Secretary State’s office must set forth under oath 
the president the company making the application: 

The amount stock said company. 

The amount outstanding bonds, any. 

3rd. The number miles completed road part road 
upon which the bonds are become first mortgage. 

The bonds presented for approval and registration must exe- 
cuted accordance with Section the act regulating the issuance 
the same. 

Upon filing each application and the presentation the bonds 
desired approved and registered thereunder the Commission will 
direct its engineer inspect the road part road completed, and 
ascertain has been constructed and equipped accordance with 
the specifications and the profile set out its application the Com- 
mission for authority issue bonds. finds that said completed 
road part road proposed security for the bonds presented for 
approval and registration has been built good faith and that 
worth the amount for which proposed security, order will 
issued the Secretary State directing him register bonds 
the extent the value said completed road part road. 

bonds will hereafter approved and directed registered 
the Secretary State except upon roads parts roads com- 
pleted and equipped, and then only the amount the value thereof 
determined after investigation the Commission. 
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REGISTRATION STOCKS. 


The issuance certificates railroad stock subscribers 
the capital stock must accordance with Section the act regu- 
lating the issuance railroad stocks and bonds and must only 
completed road part road. When issued the Commission will 
direct their registration the office the Secretary State. 

The amount the stocks and bonds together the aggregate 
must not exceed the reasonable value the property the company 
issuing 


Have BEEN VALUED THE COMMISSION. 


Since the passage the Stock and Bond Law, the Railroad Com- 
mission has, from time time, valued the railroads Texas, and 
filed its valuations with the Secretary State. Table No. list 
the railroads which have been valued, October 20th, 1903, 
together with their valuations, the same will appear the Twelfth 
Annual Report the Railroad Commission, 1903. 


EFFECT THE STOCK AND Law. 


connection with the foregoing statement the Railroad Stock 
and Bond Law Texas and the description the methods used the 
Railroad Commission when valuing railroads, under its provisions, 
will doubt interest mention what the general effect the 
law has been the railroad securities the State. No. 
which will appear the Twelfth Annual Report the Railroad 
Commission Texas, 1903, very briefly, but effectually, shows the 
principal effect the Stock and Bond Law, which has been re- 
duce steadily the average outstanding indebtedness the railroads 
Texas, per mile, and this has been done the face actual 
increase physical values and increase net earnings the 
properties. 

When considered that all indebtedness the railroads out- 
standing the time the passage the Stock and Bond Law 
remained effect, and still effect, will seen that the reduc- 
tion the average indebtedness per mile the railroads Texas 
has been due largely the restriction which the law placed 
issuance securities for the 1875 miles new railroad which 
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have been constructed since the passage the law, and such old 
railroad was sold out, receiver’s, other sale, and reorganized. 


TABLE No. 


Name railroad. Mileage. Valuation. 
Beaumont Wharf and Terminal..... .............. 3.08 $179 481 $58 273 
68.69 | 830 968 12 097 
Chicago, Rock Island and 91.75 475 361 080 
Chicago, Rock Island and Texas............ 760 423 741 
Dallas, Cleburne and 9.77 155 917 959 
Denison, Bonham and New Orleans................. 24.11 375 266 565 
Fort Worth and Denver City............ 454.13 771 582 
Fort Worth and Rio 008 839 008 
Galveston, Harrisburgand San Antonio............ 919.06 142 298 564 
Galveston, Houston and 48.85 527 623 259 
Galveston, Houston and 56.36 000 000 
Gulf, Beaumont and Kansas City.... 676 485 015 
Gulf, Beaumont and Great Northern 58.22 853 123 653 
Gulf, Colorado and Santa 649 746 863 
Houston and Texas Central........... 683 834 820 
Houston, East and West 190.69 042 693 712 
International and Great 049.93 928 547 981 
Missouri, Kansas and Texas Texas.............. 069.83 688 500 
New York, Texas and 122.93 464 206 
Orange and 458 793 987 
Paris and Great Northern.............. 16.18 288 844 
Red River, Texasand 57.49 215 35: 140 
Rio Grande and Eagle Pass. 26.89 234 695 729 
20.15 481 824 912 
St. Louis, San Francisco and Texas................ 6.74 407 454 453 
St. Louis Southwestern 652.51 057 889 706 
San Antonio and Aransas 687 .67 677 698 619 
Texas and Pacific....... 730 689 060 
Texas Central..... 885 256 397 
Texas Mexican. 457 688 976 


Texas Midland 
Texas, Sabine Valley and Northwestern 


Velasco, Brazos and 20.06 240 656 997 
Weatherford, Mineral Welis and 23.00 327 496 239 
Wichita 17.96 242 888 13 521 
51.36 486 768 9 47 


This reduction the average indebtedness per mile the rail- 
roads Texas will continue long the Stock and Bond Law 
remains effect, and until their capitalization approaches the physi- 


value the properties, may determined the Railroad 
Commission. 
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TABLE No. 


5 


! 
June 30th. way outstanding, outstanding, standin 
per mile. per mile. 
— | 
154 $15 076 $25 726 $40 802 
867 724 202 926 


029 971 464 435 


Total reduction for years... 105 262 367 
Average reduction per year for 
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AMERICAN SOCIETY CIVIL ENGINEERS. 


INSTITUTED 1852. 


PAPERS AND DISCUSSIONS. 


This Society not responsible, body, for the facts and opinions advanced 
any its publications. 


FREEZING AID EXCAVATION 
UNSTABLE MATERIAL. 


PRESENTED 17TH, 1904. 


INTRODUCTION. 


This paper contains synopsis the result research the 
literature the above subject. The research was the joint work 
E., and the writer. 

All articles which could found the various libraries New 
York City were examined and abstracted, and then combined the 
following synopsis. The French and German periodicals were read 
and translated Messrs. Dose and Seurot, and those English 
were abstracted the writer. Lists giving the names the 
various publications from which information has been obtained have 
been filed the Library the Society, where they may re- 
ferred those who are interested. Acknowledgments cannot 
made each case, but are due sources thus listed. 


History. 


For many years the miners Siberia have taken advantage the 
extreme low temperature winter penetrate beds quicksand 


papers are issued before the date set for presentation and discussion. 
Correspondence invited from those who cannot present the meeting, and may 
sent mail the Secretary. Discussion, either oral will published 
subsequent number Proceedings, and, when finally closed, the papers. with discussion 
full, will published Transactions. 


— 


overlying mineral deposits. Natural refrigeration, however, can have 
only limited application regions severe winters. 

far the writer has been able ascertain, the first use con- 
gelation produced artificial means, aid excavation, was 
England, 1862. order sink well through bed quick- 
sand, coil pipes, diameter larger than that the lining, was 
sunk into the quicksand. Brine, cooled ether machine, was cir- 
culated through the coil until the material was frozen. The well was 
then excavated without 

1883, Poetsch made the first application his process, 
the Archibald Mine, Saxony. Since that time, progress has 
been mainly along the line improvements his original process. 

least two other processes, the Gobert and the Koch, have been 
brought forward, but the only essential difference, between these sys- 
tems and that Poetsch, the medium used for transferring the 
low temperatures from the machine the freezing pipes. 


Water-tight tubes, usually parallel each other, are distributed 
throughout the mass frozen, and are known the freezing 
tubes. practice, they have usually varied from about ins. 
diameter. Inside each freezing tube, smaller pipes, known the 
circulating tubes, are placed. the latter has opening near 
the bottom into the outer pipe. The circulating tubes are all joined 
together, usually, large circular rectangular pipe, known 
the circulating ring. The freezing pipes are capped the top and 
joined similar ring, called the collector ring. circuit formed 
connecting the circulating and collector rings the cold-brine 
tank some form freezing machine. pump placed between 
the refrigerator and the circulating ring. Cold brine from the 
bottom the tank, forced the pump through the circulating rings, 
down the circulating pipes, thence the freezing tubes, where ab- 
sorbs certain amount heat, and back through the collector ring 
the top the refrigerator. The circulation maintained this 
manner until ice wall formed completely surrounding the area 
excavated. 

Freezing Tubes.—The first operation, usually, boring for the 
freezing tubes. The holes are put down one the well-known 
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methods. The one chosen depends largely the nature the 
material. the earlier applications the Poetsch process, the 
casings the bore-holes were used for the outer freezing tubes. 

Considerable difficulty was found closing the lower ends the 
casings that the brine escape. Also, the joints the cas- 
ings were often defective, and leaked, after the severe strains which 
they were subjected being forced down. The escape the freezing 
medium, even small quantities, prevents congelation the impreg- 
nated strata, and thus causes weak place, not leak, the ice 
wall. nearly all the work, late years, pipe somewhat smaller 
than the casing lowered inside and the casing withdrawn. This pipe 
sealed the lower end, and each joint turn tested under heavy 
water pressure. Another cause leaks the contraction the 
pipes under the low temperatures. 

The partially frozen earth, especially where the shaft deep, often 
obtains such ahold the tube render movementimpossible. 
any further contraction takes place the pipe ruptured and leak 
produced. for this, least two shafts sunk recently, 
slip joints have been placed about mid-depth the pipes. 

the first sinkings, 10-in. pipes were used, but, late years, 
the diameter has usually been from ins. 

Circulating Pipes.—The circulating pipes have commonly been from 
ins. diameter. They are either supported the fittings 
the top, bear the bottom the freezing tubes. first case, 
their lower ends are left open for the passage the descending freez- 
ing liquid. the latter case, slots are provided the sides near the 
bottom for the same purpose. The fittings both the 
circulating and freezing pipes are well shown Fig. 

Arrangement the Freezing Tubes.—In the first shafts built this 
process, tubes were distributed throughout the area excavated, 
well outside. only one tube was put down iuside 
the limits the sinking, and that usually the center. some 
cases this tube was insulated freeze only the bottom the 
shaft. the latest cases, the central tube has been omitted alto- 
gether, least for freezing purposes. common practice 
sink well, greater diameter than that the ring pipes, down 
the ground-water level, and then start the borings from the bottom 
the well. many cases, particularly where the shafts had been 
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started other methods, regular arrangements the tubes were not 
practicable. 

the case the Archibald shaft, and the second attempt the 
Jessenitz shaft, all the pipes were placed inside the area ex- 
cavated. was found that when the pipes were uncovered they 
would not long maintain the ice wall. This was especially true the 
Jessenitz shaft. 

Circulating and Collector Rings.—The circulating and collector rings, 
usually, are made circular rectangular, according the arrange- 
ment the outside ring pipes. The rings are generally placed 
near the top the freezing tubes, but experience has shown that the 
tubes should extended above the ground-water level, that all 
flow into the shaft can stopped. Valves are provided, the con- 
nection between the rings and tubes, order that any tube may 
cut out case leakage. These valves also afford means regula- 
tion the freezing action one tube takes place more rapidly than 
its neighbors. does not appear that they have been used much 
for this purpose. 

some cases, the Auboué shaft, trouble has been caused 
individual tubes becoming choked and stopping the circulation. The 
stoppage may caused scales rust falling the bottom the 
larger tube and closing the end the inner tube, some foreign 
substance which gets into the tube through the brine. When the 
temperature the air around the tops the pipes high, stoppage 
the flow soon becomes apparent the melting the frost the 
pipes and connections. When the temperature low, however, 
winter, there means knowing when occurs. ‘To 
remedy this state affairs, Gobert has suggested the arrangement 
shown Figs. 4and this plan the tubes which receive the cold 
solution first would have more effect, and the refrigeration would 
irregular. obviate this difficulty, the inventor suggests reversing 
the current frequent intervals. 

Mr. Cavallier, with the same object view, proposes retain the 
circulating rings, but use separate return pipes from each freezing 
tube. 

Refrigerating Machinery.—Many different types refrigerating 
machinery have been used, and any device that will cool the freezing 
solution down about —20° —25° Cent. will answer the purpose. 
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may interesting describe briefly the plant which was used the 
Washington Colliery, County Durham, England, shown plan 
Fig.9. The plant consisted the driving engine, the compressors, 
and the condensers, and the refrigerator, and and the 
circulating pump. The latter, course, was part the circulating 
system, rather than the refrigerating plant. Anhydrous ammonia, 
was compressed pressure 150 lbs. per square inch the 
cylinders, Fromthe compressors passed the condensers, 
These consisted tanks containing coils 1-in. pipe, 
about 600 ft. long. Cold water was circulated through the tanks, 
and was kept constant motion the paddles, and The gas 
from the compressors, passing through the coils, gave con- 
siderable portion its heat the cooling water, and doing 
changed from gas About galls. water per hour 
were required for this purpose, and its temperature was raised about 
10° Centigrade. 

The refrigerators were similar the condensers, except that the 
liquid outside the coils was the freezing solution, and the coils were 
000 ft. long. The liquid ammonia from the condensers was admitted 
the coils the refrigerators valve, which reduced its pressure 
lbs. per square inch. this change pressure the ammonia 
again assumed its gaseous form, but doing had absorb from 
the surrounding freezing solution amount heat corresponding 
its latent heat vaporization. From the refrigerator the gas was 
returned the compressor, where was again compressed and started 
second circuit. 

The cold brine was drawn from the bottom the refrigerator 
pump and forced through the freezing system back the top the 
refrigerator. The brine was circulated the rate 144 galls. per 
minute. The temperatures the brine, leaving and returning 
the cooling tank during the different stages the process, are shown 
Fig. 

The freezing plant usually located near the top the shaft 
practicable, order avoid loss efficiency transmitting the 
freezing solution. seems some difference opinion 
the amount this loss. Mr. Moran states that the pipes above 
ground the Chapin Mine were not protected any way, but 
mediately after starting congelation, condensation moisture coated 
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them with asnow-like ice that served cheap and effective 
the other hand, Saclier and Waymel state that the loss the Vicq 
Pits, where one plant was used for simultaneous work two shafts, 
121 ft. apart, was 20% the surface. Arrangements must made 
supply the machine with considerable quantity cool water, about 
000 galls. per hour, and dispose has passed through 
the condensers. such supply not available, means must 
provided for cooling the condensing water. 

Experience has shown that the freezing plant should consist 
least two complete units, total stoppage congelation may 
followed serious results. 


TEMPERATURES BRINE AND COOLING WATER, WASHINGTON SHAFT, 
From Transactions of the North of England Institute of Mining and Mechanical Engineers, Vol. LIT, 
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Congelation.—The progress congelation material 
well illustrated Fig. 12. During the first stage, cylinders ice 
form around the individual pipes, and increase uniformly all direc- 
tions until adjacent cylinders touch and wall. the 
second stage, after the wall formed, each cylinder tends increase 
the manner shown the dotted lines around the tube, The 
cylinders, however, interfere with each other, and produce the fluted 
annular ring, This ring increases thickness much more rapidly 
inside the ring the pipes than the outside. This explained 
the facts that the loss conduction much less toward the center, 
and that the area affected each tube greater the outside. 
Where deep shafts penetrate impervious beds overlying heavily water- 
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bearing strata, some ap- 
prehension has been felt 
for the safety the ice 
wall. This condition 
shown Fig. 14, illus- 
trating the conditions 
Harchies. After the im- 
permeable clay, which 
much 
rapidly than the green- 
sand, has completely 
frozen inside the circle 
pipes, there will 
escape for the water 
confined the space, 
and expanding con- 
stantly under the in- 
fluence the lowering 
temperature. meet 
this contingency, the 
central pipe shown 
Fig. provided. 
This pipe described 
more fully the account 
the Harchies shaft. 
The difficulties 
congelation 
creased running 
water, the pres- 
ence salt water 
other substances which 
not freeze readily. 
The strength the 
frozen material varies 
greatly with the nature 
the material itself, 
with the quantity 
water present, and with 
the temperature. 


HARCHIES SHAFT. 
From Engineering and Mining Journal, Vol. 
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The results some tensile tests, made Mr. Alby, France, 
saturated sand, are shown graphically Fig. 13. Tests made the 


Chapin Mine (temperature not recorded) gave average results 
follows: 


Tensile strength, 431 lbs. per square inch. 

Compressive strength, 575 lbs. per square inch. 

Experience has shown that desirable preserve uncon- 
gealed core the center the shaft, excavation facilitated 
greatly thereby. Care must taken, however, that the annular ice 
wall carried wel! below the water-bearing material, else the lower 
end the cylinder must frozen solid. The latter can accom- 
plished the insulated central tube mentioned previously and illus- 
trated Fig. 11. 

Form and Required Thickness Ice discussions 
the form and required thickness the ice wall are given con- 
siderable length the Annales des Mines,* and the Bulletin 
Société Industrie Minérale.+ 

Lack knowledge, tothe pressures sustained, the strength 
the frozen material, the conductivity the various strata, etc., 
renders the results analytical study doubtful value. 

Saclier and Engineers the Vicq shafts, state that the 
freezing pipes should placed circumference ft. greater 
radius than that the excavation. This statement appears repre- 
sent practice fairly. seldom started until the ice wall 
thick enough encroach the area excavated, and, accord- 
ingly, the thickness rarely less than ft. 

was formerly believed that the form the wall was that 
truncated cone with its greater diameter the base. 

Observations have shown that the frozen mass may assume any 
the following forms: truncated cone with the largest diameter 
the bottom; truncated the largest diameter the top; 
cylinder; series cylinders varying diameter; barrel shape. 

The base may either flat, concave convex. 

Time Required for Congelation.—This varies greatly with the nature 
the material and the thickness the ice wall. For twenty-one 
which the data are available, the minimum initial freezing 


the year 1885, 111; 1887, 56; 1900, pp. 379-486. 
+For the year 1895, 
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period was days, the maximum 365 days, and the average days. 
The initial freezing period covers the time from starting the ice ma- 
chine beginning excavation. Congelation commonly continued 
until the shaft completed. During the latter period, however, the 
full capacity the machine seldom required. 

Excavation.—Ordinarily, the frozen material about difficult 
excavate soft sandstone. Formerly, was excavated entirely 
the use picks, wedges and chisels. More recently, compressed 
powder, dynamite and gelignite have been used several instances. 

Apparently, the use explosives has not caused any damage 
the ice wall, but some breaks the freezing tubes have been attrib- 
uted thereto. drilling the frozen material, brine must often 
used, water freezes and holds the drills fast the holes. 

Lining.—Timber, masonry and iron are commonly used for the 
lining. Timber and iron linings are usually backed with concrete. 
most cases has been found necessary add some substance 
the mortar prevent injury from freezing. 

Mr. Schmidt* states that when iron lining used, order 
avoid undue contraction and expansion due extreme changes 
temperature, well protect the lining placing between 
and the ground some non-conductor, such wood, straw ground 
charcoal. masonry, desirable use mortar mixed with 
salt water and pitch, and, moreover, insulate the lining 
wooden sheathing. From the information hand does not appear 
that the insulation has been used many cases. 

Subway Work Tunneling.—Figs. and illustrate the method 
suggested Gobert and others for applying the freezing process 
the construction tunnels. Thus far, however, actual trial has 
been made. 


This process was invented Gobert. The details have been 
worked out quite carefully, and great deal has been written about 
the system, but, far the writer can learn, has never been ap- 
plied practice. 

The essential difference between the Gobert and Poetsch systems 
the medium used for cooling the ground. Gobert dispenses 
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with the refrigerator and cooling brine, and allows the liquefied am- 
monia expand the freezing tubes themselves. Some modifica- 
tions the fittings are required, principally the circulating tubes. 
the liquid ammonia were allowed pass directly the bottom 
the freezing tubes would collect there, and its evaporation would 
very slow. Spiral tubes, perforated frequent intervals, are pro- 
posed, allow the escape the liquid for the full height the 
material frozen. Some the fittings invented Mr. Gobert 
are shown Figs. 15, 16, and 19. 

One main advantages claimed for this system that there 
tendency for the freezing medium escape into the ground 
frozen. 

the Poetsch pressure any point the freezing 
pipes must equal the weight the column brine above that 
point. This always greater than the pressure the outside the 
tubes. the Gobert system, there only the pressure the ex- 
panded gas, which always less than the outside pressure. Ac- 


cordingly, breaks occur the freezing pipes, the leak will 
inward instead outward. 


The writer has been unable find any very complete description 
this process. involves the direct use the liquefied gas the 
freezing tubes. The gas used may either carbonic acid, ammonia 
mixture dioxide sulphur. 

The freezing tubes are divided into various compartments facili- 
tate expansion. .It claimed: First, that uniformly distributed 
temperature —50° —60° Cent. obtained; second, that this 
low temperature produced soon the machine started, and, 
therefore, the freezing tubes contract the full extent before they 
are frozen place, there would tendency rupture the 
pipes, the Poetsch process, where the reduction the tempera- 
ture gradual; third, that the time required for congelation 
reduced one-half. The freezing machine and connections are show 
Fig. 20. 

From the information hand, appears that this process only 
differs detail from that Gobert, but Louis Gebhardt quoted 
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saying: ‘‘The Koch process will solve all difficulties met actual 
practice.” accounts have been found any actual application 
the system sinking shaft driving tunnel. 


The only direct application cold air that has been found was 
Stockholm, and that described under the head the Stockholm 
Tunnel. This also the only case found where the freezing process 
has been applied tunnel work. 


APPLICATION FREEZING PROCESSES. 


Archibald Shafi.—This shaft belongs the Douglas Company, and 
located Schneidlingen, Saxony. This was the first practical 
application the Poetsch process. The work was done during the 
year 1883. shaft, 10.3 ft., was sunk depth 111.5 ft. 
through solid and fairly compact measures pumping. this 
depth very watery quicksand was encountered. bore-hole was put 
down, through the quicksand and underlying measures, into previ- 
ously existing heading the mine. The object the bore-hole was 
drain the quicksand, and considerable flow water was set 
through the channel. Sinking was then resumed means sheet- 
piles, but, after advance 4.3 ft., the work had abandoned, 
and was turned over Mr. Poetsch. The material congealed 
consisted ft. quicksand. Twenty-three wrought-iron tubes 
were put down through the quicksand and ft. ins. into the lignite. 
Owing the difficulty enlarging the shaft, all the freezing pipes 
were placed inside the area excavated; ten them were placed 
close the sides the shaft. Their arrangement shown Fig. 
21. The pipes were ins. diameter, and were closed the bottom 
inserting wooden plugs. The plugs, turn, were covered with 
ins. cement and ins. plaster and clay. The inner circulat- 
ing tubes were about ins. diameter. The distributing and collect- 

ing rings were placed the level the top the freezing tubes, 
111.5 ft. below the surface. 

Carré-Kropff machine, capable producing half ton ice per 
hour, was used for freezing. The freezing solution was chloride 
calcium. observe the progress congelation, twenty small pipes, 
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ins. length, were sunk into the quicksand and filled with solu- 
tion chloride calcium. Inside these pipes thermometers were 
placed. 

Table No. shows the temperature various points the shaft 
the beginning the freezing process and the end the initial 
freezing period. 


TABLE No. 
July 8th. July 3ist. 
Temperature air bottom shaft............ 58.6° Fahr. 21.2° Fahr. 
“ “ north “ 


The temperatures the ground the sides were taken near 
possible the freezing tubes. Owing the fact that the upper ends 
the freezing pipes were 4.3 ft. above the quicksand, there was con- 
siderable loss radiation. The stream flowing through the center 
the shaft also had the effect warming the freezing solution and 
retarding the progress congelation. Fifteen days after the freez- 
ing machine was started, the ground over the entire area the shaft, 
and about ins. outside, was frozen solid. 

small shaft was first excavated the coal. This shaft was tim- 
bered, temporarily, every ft. Coal was reached September 30th. 
the shaft full size was then started the bottom, 
thus uncovering all the freezing tubes. was found that radiation 
from the pipes could not depended upon for maintaining the ice wall 
the pipes were coated with hoar frost rapidly. Excava- 
tion had suspended until the wall had attained such thickness 
that would not danger thawing out during the remaining 
operations. Excavation was carried means picks, powder 
being used. The shaft was perfectly dry, and the soil was hard 
sandstone. was worked means picks, wedges and mauls. 
The temperature the bottom the shaft, while the sinking opera- 
tions were progress, varied from 0.5° Centigrade. The men 
did not suffer any bad effects from the cold. The permanent lining 
the shaft consisted timber cribs. stated that perfectly dry 
timber must used, frost likely shatter green wet 
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The following table costs the different operations attributed 
the manager, Herr Frohberg: 


Interest capital and sinking fund.......... 649.88 
Superintendence and traveling expenses....... 800.60 


Michalkowitz Colliery.—The Max are located Laura 
Province Silesia, Germany. Sinking freezing was tried 
this shaft during the year 1884. attempt was made sink two 
shafts, 164 ft. apart. The first was excavated depth 213.3 ft. 
ordinary means. depth quicksand was encountered, but 
work was continued the use sheet-piles until the bottom the 
pit was 246.1 ft. below the surface. the water pumped amounted 
205 cu. ft. per minute, work had stopped, and the bottom 
the shaft was closed with bulkhead, 3.3 ft. thick. 

The nature the material shown the following: 


Alluvial sand.......... 45.9 ft. Hard shell lime........ 62.3 ft. 
Clay (little water)...... 62.3 sandstone.. 91.9 
262.4 


this depth coal was reached. 

The shaft was square plan, ft. ins. side. 

Forty-two freezing pipes, ins. inside diameter, were put down 
the bottom the shaft. The manner placing and connecting 
the tubes shown Fig. 21. The tubes were given slight inclina- 
tion outward, and, their lower ends, were provided with shoulder 
for receiving plug. attempting place the lead plugs, 
was found that the pipes were not all the required diameter, and, 
moreover, some them had assumed elliptical form under the 
pressure driving. Under these circumstances, there was great 
deal difficulty closing the ends. After congelation was started, 
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was found that eleven pipes leaked. Smaller pipes, closed their 
lower ends, were placed inside the defective tubes, and operations 
were resumed. 

Carré-Kropff machine, capable making half aton ice per hour, 
was used for congelation. After the measures had been cooled +2° 
Cent., the machine broke down, and freezing was stopped for week. 


During this delay the ground resumed its original temperature. Mean- 
while, the owners the colliery had proceeded with the second shaft, 
without encountering much difficulty the first. 
When they reached level lower than the bottom Shaft No. 
the water was drawn from the first shaft, and there was longer any 
need for the freezing process. Soon after this the time limit, under 
which Mr. Poetsch had contracted complete the freezing, expired. 
The temperature the measures was still Cent., and the 
attempt congelation was discontinued. The failure this point 
attributed delays due the timber the shaft and the accidents 
the plant itself. claimed, also, that the pumping from the 
second shaft retarded the freezing. 


Emilie Colliery, Pumping Shaft.—This colliery located near Fin- 
sterwald, Brandenburg, Prussia. 

The sinking the freezing process was commenced 1884 and 
completed 1885. attempt was made sink both the pumping 
and the winding shafts ordinary means, but both failed and they 
were filled up. The freezing process was then adopted, but new 
sites were chosen. 


The material penetrated was follows: 


Rough gray sand, very 

Fine white sand........ 19.7 ft. 
Coarse gray sand ...... 11.5 gray sand...... 
Coarse gravel.......... 3.9 Fine gray sand......... 
Dry, rough sand....... 7.5 Fine brown sand........ 13.6 


Damp, rough sand..... 


The strata are all very aquiferous. 
level was depth 29.5 ft. 
The shaft has clear diameter 8.8 ft. 


The natural ground-water 


125.2 


square pit, 16.5 ft. side, was sunk depth ft., and 
from the bottom twelve borings were made the circumference 
circle having diameter about ft. The bore-holes were inclined 
slightly outward. The linings the bore-holes, plugged their 
lower ends with lead and concrete separated iron washers with 
rubber joints, served the freezing tubes. The depth the pipes 
varied from 125.5 128 ft., and the penetration into the lignite from 
0.7 ft. The relative positions the old and new shafts, well 


found that Hole No. varied too much from the perpendicular, and 
two more holes were put down take its place. This work was not 
completed until congelation had been begun. 

Carré-Kropff machine, having capacity half ton ice per 
hour, was used. The freezing solution was calcium chloride. The 
machine was running regularly June 25th, and August 8th the 


tower was formed, except near Holes Nos. and Sinking was 


started before this gap was closed, but water came in, stopping the 
excavation. Attempts continue pumping weakened the ice 
wall, but, September 8th, was sufficiently strong allow the 
eesumption excavation. 

The shaft was lined with timber temporarily, and, October 
the coal seam was reached. was found that the center was not 
frozen, the congealed matter having taken the form bottle. 
Before the temporary lining could completed, water burst in, and 
the bottom was filled with gravel. continuing congelation the 
leak was stopped. Timber cribs were inserted next, near the top 
the lignite, forming the base for the permanent masonry lining. 
November 20th, when the height the permanent lining was 16.4 ft., 
the machine was stopped for four days, when the ice wall gave way 
and sandy water rose between the masonry and the sides the pit. 
This leak was checked starting the machine, but, December 
26th, fresh inburst occurred. was found necessary fill the 
shaft with ice and snow, after which the walls were congealed thor- 
oughly time. The lining was completed about April 
1885. Most the trouble with the ice wall attributed starting 
the excavation before the congelation had been completed, and the 
fact that the pipes were not sunk deep enough into the coal. 
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The cost summarized follows: 
Allowance for interest and cost plant, 


Erection and establishment.................. 675.20 
Use freezing machine two hundred and 


Emilie Colliery, Winding Shaft.—This shaft was located 147.6 
from the pumping shaft. was built during the year 1885. 

rectangular shaft was sunk ordinary means depth 32.8 
ft., about ft. below the water level. Below this depth, the shaft 
ellipse having major axis ft. ins., and minor axis 
ft. plan and vertical section are shown Fig. 21. Sixteen 
refrigerating pipes, about apart, were put down surrounding the 
ellipse. The total depth the holes varied from 117.3 121.4 ft., 
and the penetration the lignite was from 1.0 ft. 3.8 
was begun June 11th, 1885, and had reached depth 94.3 ft. 
August 15th, when was found that some the pipes were not tight 
the bottom. Excavation suspended until October 9th, en- 
plugs putin. Near the bottom the ice wall 
gave way several and the pit was filled partially with 
sand. The lignite was reached November 5th, and shortly after- 
ward the masonry lining was started. The mortar the lining was 
prevented from freezing steam led through copper pipe. The 
lining was completed December 12th, 1885. Borings showed the 
thickness the ice wall ft. more down depth ft. 
that depth decreased ins. quite suddenly one side, and 
water and sand burst into the shaft. The decrease thickness was 
attributed leaking pipes. The cost per foot averaged about $101.00. 

Centrum Colliery.—This colliery located Koningswursterhausen, 
Brandenburg, Prussia, and owned Dr. Siemens. 

Most the work was done during the year 1884. attempt was 
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made sink the shaft pumping, but this method had 
abandoned depth 52.5 ft. The Poetsch process was then 
adopted. 


The material through which the shaft was sunk follows: 


Yellow sandy clay....... 14.7 ft. Coarse sand ........... 2.1 ft. 


The ground-water depth 14.8 ft. 

For depth 19.7 ft. the old excavation was enlarged rect- 
angular section, ft. 2ins. x19 ft. 8ins. Below this depth the shaft 
was also rectangle, but only ft. Fig. shows 
plan and vertical section. 

the bottom the enlarged shaft, sixteen freezing pipes, four 
side, were put down parallel the sides the small shaft and out- 
side its area. The freezing pipes were ins., outside diameter, and 
in. thick, and their bottoms were 106.6 ft. below the surface the 
ground. were closed plugs. The 7-in. pipes 
ended short distance above the bottom the enlarged shaft, and 
were connected with the collector ring, which was above the surface 
the ground, smaller bent pipes. 

Congelation was started April 14th, and sinking June 8th. 
During the greater part this time, the water stood the shaft its 
natural level. 

The ground the middle the shaft was thawed steam, and 
this means was formed shaft the sides which were attacked 
picks. When the excavation had reached depth 52.5 ft., break 
the ice machine caused suspension congelation for month. 

The surface water flowed down over the frozen wall and raised the 
temperature +10° Centigrade. Accordingly, the work sinking 
was stopped and the shaft filled with water. Two weeks after the 
machine was started, excavation was again resumed, and the coal was 
reached October The daily progress was about 2.8 ft. 

The timber lining was completed, except the last crib the bot- 
tom, when bore-hole was put down into the lignite which was found 
frozen depth 110.9 ft. below the surface the ground. 
the following day, water burst into the shaft, through the bore- 
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hole, and enlarged the channel rapidly. The shaft was pumped out 
several occasions, but the lining was not completed. second ac- 
cident the ice machine added the difficulties, and, finally, plug 
the bottom one the freezing pipes blew allowing the liquid 
The latter accident made the completion the lining im- 
possible. The shaft, however, was used for pumping purposes 
couple years, until the mine was abandoned for reasons not con- 
nected with this shaft. 

The cost stated Mr. Poetsch have been $162.00 per foot. 

The failure complete this shaft satisfactorily said have 
been due not sinking the freezing tubes far enough into the lignite, 
and delaying the completion the lining. 

Stockholm Tunnel.—This tunnel Stockholm, Sweden, and was 
built during the years 1884 1886, inclusive. 

was designed and built Captain Lindmark. The object was 
afford easy communication for pedestrians between two parts the 
city separated the ridge, cross-section which shown 
Fig. 24. The eastern end the tunnel, being mostly rock, 
was constructed the usual manner, and caused little trouble. 
the west end the Rziha system was first adopted. The iron wall 
shown Figs. 26, and was also devised for supporting the face. 
After advance ft. the above means, considerable subsi- 
dence had taken place, and work had discontinued. Captain 
Lindmark then decided freeze the earth before 

The tunnel ft. ins. high and ft. ins. wide. The cross- 
the work, Fig. cross-section, and Fig. profile the 
street and tunnel. The relation the rock and earth shown 
clearly the profile. The rock was granite. For the first 120 ft. 
from the west end, the material consisted coarse gravel intermixed 
with large stones and small quantity wet clay. account 
the water contained, this material had cohesion whatever, and 
would run through very small opening. The remaining portion 
the tunnel, before entering the rock, penetrated pure sand possessing 
considerable cohesion. 

For freezing the earth, Lightfoot dry-air machine was used. 
was capable delivering about 000 cu. ft. air per hour. The 
air left the machine temperature —55° Centigrade. The 
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machine was erected close the heading practicable, and 
freezing chamber was formed partitioning off the heading. The 
partition was movable and consisted double wall planking 
filled with charcoal. After the machine had been discharging cold 
air into the freezing chamber for sixty hours, was found that the 


surrounding material had been frozen depths varying from ft. 


the bottom ft. near the top. the crown freezing took place. 
The temperature the bottom was low —40° Cent., but that 
the roof remained steadily Centigrade. 

Excavation was started the top, the roof being supported 
poling boards driven into the uncongealed material the crown. 
This soft material was considered advantage, said the roof 
would have had supported any event, and the driving the 
poling boards was made much easier thereby. The heading was ad- 
vanced lengths ft., and the face was supported the iron wall 
built from the top downward within about ft. the floor. 
The material was solid that was not found necessary support 
the lower the face. After the first, the freezing machine 
was only run from hours during the night. end that 
time the temperature was from —20° —25° Cent., but soon after the 
workingmen entered rose zero. After heavy rains was neces- 
sary run the machine somewhat longer. When two sections had 
been completed, the partition was moved forward. The size the 
ft. tunnel was constructed The material then became 
sufficiently firm allow the excavation proceed without freezing. 
The rate progress while congelation was used was about ft. per 
day. 

The lining was built rapidly possible after the partition had 
been moved forward and while the ground was The con- 
crete used was composed part Portland cement, parts 
sand and parts granite. The lining did not appear suffer any 
injurious effects from the frozen material behind it. 

subsidence took place the north, but the house the south 
settled about producing some small cracks. 

Houssu Colliery, Pit No. 8.—This colliery belongs the Société 
Anonyme des Charbonages Houssu, and situated Haine-Saint 
Paul, the Province Hainaut, Belgium. 


Ww 

1 


The Poetsch process was adopted 1885, and the work was not 
completed until near the end 1887. first, attempt was made 
sink pumping, bore-hole, some ft. away, did not disclose 
any unusual difficulties. Ata depth water, yield- 
ing about 7.5 cu. ft. per minute, was encountered, but the pumps were 
able handle this amount. When the bottom the pit had been 
carried down depth 196 ft., and, while excavating hard marl, 
quicksand and water burst through the floor. The water rose 
point ft. below the surface, and the lower portion the excavation 
was filled with quicksand height 20.3 ft. The thickness the 
solid marl through which this inrush took place was determined 
afterward have Attempts take out the water and pro- 
ceed with the excavation were without result, and, the best means 
for saving the work done, the freezing process wasadopted. The shaft 
circular, and its internal diameter ft. in. There some 
the nature the material which was congealed. 
The following represents its nature approximately: 


Sand which had flowed Sand, with pyrites....... 1.6 ft. 
into the pit............ 19.7 ft. Black sand, with lignite 

Sand, with pebbles...... 15.1 clay, pebbles, 

Black sand, with traces pyrites and lignite..... 

Argillaceous Black earthy and sandy 

2.3 clay, with pyrites and 


After clearing the water from the pit, its size was increased grad- 
ually from the depth 144.3 ft. that 177.2 ft., that its diame- 
ter the latter depth was ft. 8ins. From the ledge thus formed, 
the circumference circle having diameter 16.79 ft., 
eighteen freezing pipes were put down. The bottoms the tubes 
were depth 246 ft. below the surface, and, therefore, they were 
ft. long. The outside freezing tubes were ins. diameter, and 


the inside circulating tubes The boring for and placing 
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tubes occupied five and half months. The circulating and return 
rings were placed near the level the bench, and were connected 
with the freezing tubes the usual manner. single well-lagged 
pipe led from each the rings the cooling apparatus, thus com- 
pleting the circuit. The arrangement the tubes shown ver- 
tical section Fig. 21. 

Congelation was started December 12th, 1885, with Carré- 
Kropff machine capable producing about 900 lbs. ice per hour. 
After six months, the temperature the sand was found 
Cent., and was not solid allow the work excavation 
begun. Mr. Poetsch the inefficiency the first 
machine: First, its distance from the freezing tubes, 177.1 ft.; and, 
second, the influence the warm water said come from the con- 
denser 200-H.-P. engine another shaft. estimates that 
these two sources absorbed least 50% the output. ‘The water 
had been allowed stand its natural level, below the surface. 

the advice Mr. Poetsch, the pit was kept dry pumping, 
and the capacity the freezing plant was doubled, but about five 
months more elapsed without result. Mr. Poetsch then discovered 
that one the freezing pipes was broken, allowing the uncongealable 
liquid escape, and, also, that the large quantity water pumped 
had temperature 11° 12° Centigrade. The broken tube was 
repaired and pumping stopped. The freezing the ground was then 
completed successfully four weeks. The process congelation 
consumed one year. The freezing liquid was solution containing 
about calcium chloride. During the latter part the process 
the temperature the liquid leaving the machine was about —25° 
Cent., and returning was about higher. Sinking was car- 
ried means picks.and wedge needles. shaft, about 
ft. square, was put down the coal first, gangs four men working 
6-hour shifts. After excavating depth ft., temporary timber- 
ing was put and excavation resumed. The rate progress was 
about ft. 7ins. attempt was made thaw the earth 
means steam. Five cylinders plate iron, ft. ins. high and 
ft. ins. diameter, were placed the shaft floor. The cylinders 
were open the bottom, and steam was admitted thetop. This 
apparatus was too cumbersome, and, besides, produced mud that 
was very disagreeable work in, and its use was soon abandoned 
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After the completion the advance shaft, was enlarged from the 
bottom and the shaft lined with cast iron, ins. thick. 
lining was backed with concrete. The cement was found set satis- 
factorily. Sea salt was added the mixing water first, but was 
found unnecessary. The iron lining was carried the base 
the old work, where was joined with masonry lining placed 
previously. 

the depth 177 ft. below the surface, work the lining was 
suspended allow the removal the freezing tubes. February 
14th, 1888, about two months after congelation had been 
quicksand burst into the shaft through one the holes from which 
the freezing pipe had been withdrawn. Work was once resumed 
the lining, and the remaining tubes were left place. 

Shaft Chapin Mine.—This shaft Iron Mountain, Michigan. 
The contract for the work was let 1887, and the shaft was completed 
the early part 1889. 

The Chapin Mining Company found advisable locate shaft 
near the center small valley crossing its property. Previous at- 
tempts sink ordinary means had failed, and contract was made 
with the Poetsch-Sooysmith Freezing Company, sink the 
Poetsch system. 

The rock and ore beds approached the surface both sides the 
valley, but dipped down under the center, and, the point where the 
shaft was located, they were covered about ft. loose material. 
The overlying formation was sand interspersed with layers gravel 
and boulders. Many the boulders were large size and were 
packed closely that they had the appearance having been laid 
mason. The sand, which was fine, had little clay mixed with 
it, and was very unstable. The miners said: will run where water 
The level the ground-water, originally, had been close the 
surface the center the valley, but pumping other points had 
lowered depth about ft. the shaft. 

Careful experiments showed that the fine sand contained about 
17% water; the proportion the other materials was not nearly 
great. The relations sand and boulders are shown Fig. 29. The 
shaft, originally, was intended circular, but was changed 
rectangular form, 154 164 ft. 


The freezing tubes were placed the periphery circle, ft. 
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diameter. Mr. Moran and Engineering News state that twenty-six 
pipes were used, while Mr. Abbott gives their number twenty-seven. 
The bore-holes were cased with 10-in. pipes, and great difficulty was 
found keeping them plumb, particularly passing through the 
boulders. soon the casings had penetrated the ledge, 8-in. 
freezing pipes were lowered into place and the casings withdrawn. 
The freezing tubes had flush joints, both inside and outside, were in. 
thick, and varied length from ft. The joints were tested 
under heavy pressure the pipe was lowered into position. The 
inner tubes were ins. diameter. The fittings the top the 
freezing tubes are shown clearly Fig. 

Linde machine, having refrigerating capacity tons daily, 
was used for congelation. 

The motive power was Allis-Corliss engine using compressed air 
lbs. pressure and developing H.-P. sixty revolutions per 
minute. The freezing medium was 25% solution the ordinary 
chloride commerce. About 200 ft. brine were used, 
and made complete circuit every minutes. The temperature 
the brine returning from the tubes shown graphically Fig. 30. 
This diagram also shows the temperature the atmosphere, which 
had very considerable effect the condensing water used for lique- 
fying the ammonia. The temperature the brine, entered the 
tubes, was about Cent. lower than returning the cooling tank. 
test pipe midway between two freezing tubes was frozen the sixth 
day after the refrigerating machine was started, and second pipe, 
ft. ins. inside the circle congelation tubes, was frozen the 
twenty-first day. Tests the frozen sand gave average tensile 
strength 431 and corresponding compressive strength 575 
lbs., per square inch. 

Excavation was started fifteen days after the refrigerating plant 
was put operation. the twenty-third day after freezing began 
the machine had stopped, the supply compressed air 
failed. Congelation was suspended for hours; consequently, exca- 
vation and timbering were stopped until the twenty-eighth day. From 
this time until the ninety-third day, excavation was carried without 
any interruption, except for placing timber. For the last thirty days, 
water had been coming through the uncongealed core. The water 
remained clear until the ninety-third day, when increased 
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ume, and sand began come with it. the volume both sand 
and water increased rapidly, the shaft was once filled with water, 
order equalize the pressure and thus prevent further flow. 
additional freezing pipe was put down, and the leak was closed. 
the one hundred and thirty-fifth day, when the bottom the pit was 
ft. the rock ledge, water and sand again burst into the shaft 
along the upper surface the ledge. The water, apparently, finding 
its way through fissures the unfrozen rock ledge, had eventually 
warmed the rock enough thaw the joint between the ledge and 
the sand. soon this joint was broken, the water pressure was 
sufficient force current through and disintegrate rapidly the lower 
portion the ice wall. was necessary flood the shaft again, 
but, before doing so, coil pipes was suspended against the wall 
near the leak. 

This coil was connected with the ice machine, and served effect- 
ually shut off the leak. Excavation was carried with picks and 
chisels, and perhaps the use explosives. There conflict 
statements the latter point. Mr. Thomas states that heavy charges 
dynamite were required, while Engineering News, its description, 
says black powder was used for time, but was discarded finally, for 
fear its effect the walls. 

temporary lining was used, but the placing the permanent 
wooden lining followed the excavation closely. Heavy cross-timbers 
were set across the top the shaft, and rectangular crib was sus- 
pended means eye-bolts, Other cribs were placed the work 
progressed, each suspended from the one above. The cribs were 
sheathed with planks placed closely together possible. 
joints between the planks were water-proofed with strips tar paper 
dipped hot pitch and held place battens. Wedges were driven 
between the lagging and the ice wall hold the lining true posi- 
tion, and the space outside the latter was filled completely 
practicable. The joint between the lining and the ledge was made 
fitting the timbers the rock surface carefully and then grouting 
around them with cement mortar. The lower ft. lining was close 
timbered. The construction the lining shown clearly Figs. 
34, inclusive. The progress both lining and excavation illus- 
trated graphically Fig. 30. 

After the completion the work, order test the thickness 
the ice wall, pit was sunk the outer edge the wall for 
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depth ft., and steel rod was driven down considerably further. 
The wall had batter about The diameter the ice wall 
the bottom the pit was Water did not find its way through 
the ice wall until fifty days after shutting down the refrigerating 
plant. 

The the lining was not disturbed the melting 
the ice wall. 

Jessenitz Mines.—These mines are near Mecklenburg- 
Schwerin. 

Work, the congelation process, was commenced 1887, and 
abandoned about 1891. The shaft was not completed until 1902. 
When the work was started, was decided sink through the first 
262.5 ft. congelation; below this depth, was thought the measures 
were compact that ordinary means would suffice. The plans were 
carried out successfully depth when water-bearing 
measures were encountered again, and, bore-hole revealed the 
fact that they extended depth 590.6 ft., the freezing process 
was resorted again. 

Mr. Schmidt states that the material penetrated the upper 
portion the shaft was follows: 


21.7 Gypsum and sand...... 
Coarse gravel........... Alternations gypsum, 

Clay and gravel. clay and limestone.... 53.2 
Fallen-in rocks.......... 4.6 ft. 


Chief Engineer Riemer gives the following list the strata 
penetrated the various processes: 


62.3 ft. Gypsum, hard.......... 243.0 ft. 
Mixed gravel, part fine Cavernous gypsum, with 
Gypsum, with interbed- Sandstone, fissured..... 24.0 
ings sand.......... 33.0 Gypsum, with anhydrite.383.0 
Gypsum, both hard and 885.0 ft. 
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The ground-water level was 26.2 ft. below the surface. 

The shaft was circular, and ft. ins. diameter. For depth 
23.0 ft., well, with diameter 30.4 ft., was sunk ordinary 
means. 

Twenty freezing tubes were put down the periphery circle, 
ft. llins. diameter. Sixteen these holes were more than 230 
ft. deep, one was 328.1 ft., and three were 262 ft. deep. Owing the 
difficulty closing the bottom the casings, smaller pipe, with its 
lower end welded and tested pressure ten atmospheres, was 
placed inside, serve the freezing tube. Fig. shows the 
arrangements for making the borings, well the location the 
holes. 

Congelation was started July 26th, 1887. After the machine 
had been working one hundred and eight days, the diameter the ice 
cylinder was ft. ins. 

Sinking was begun November 10th, 1887, and completed solid 
material March 14th, 1888. 

The shaft was lined with cast-iron tubbing backed with concrete, 
The lining was completed July 5th, 1888. Efforts were then made 
thaw the ice tower filling the shaft with water 60° Cent., and 
maintaining that temperature fortwo weeks. After emptying the 
shaft, sinking was continued the ordinary way depth 410.6 
ft., where the water-bearing strata were encountered again. was 
depth 623.4 ft. Althougb eight months had elapsed since the ice 
machine was stopped, the frozen measures were encountered, and the 
attempt sink the tubes this position was abandoned. 
pipes were then put down the circumference circle inside the 
shaft. 

was proposed sink first small shaft the same diameter 
the which the pipes were placed, and then enlarge the re- 
quired diameter excavating outside the tubes. Before sinking the 
small shaft, the ice wall was formed, apparently without difficulty, 
but, after the pipes were exposed, they were not able maintain the 
necessary thickness the ice. Mr. Schmidt states: pipes once 


exposed did not possess the same radiating refrigerating power, and 
the loss cold inside the shaft was enormous.” 
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January 13th, 1890, depth 492.1 ft., the ice wall gave way 
and the sand rose 16.4 ft. the shaft. Freezing was continued for 


thirteen months without result. The attempt sink means 


congelation was abandoned finally and the Kind-Chandron method 
adopted. 

The failure the freezing process during the latter part the 
work attributable partially pumping, which started under- 
ground current containing potash salts. These salts lowered the con- 
gelation point the material frozen. 

Georgenberg Mine.—This mine near Tarnowitz, Upper Silesia, 
Germany. 

The sinking was done during 1890 and the early part 1891. 

The object the shaft was access bed iron ore. Previous 
adopting the freezing process, attempt was made sink 
pumping, point 328 ft. from the site finally selected, but had 
abandoned. The size the shaft was ft. ins. ft. ins. 

The material penetrated consisted about ft. tertiary 
strata, described quicksand, and containing great deal water. 
Underlying the tertiary strata was bed limestone. 

The boring, freezing and lining required nine months. 

No. Shaft, Lens Colliery.—This colliery Vendin-le-Viel, De- 
partment Pas-de-Calais, France. 


Most the work was done during 1891. The first attempt sink 


was made with masonry tower, ft. high, was 
constructed cast-iron shoe cutting edge. Excavation was car- 
ried inside the tower, and the work was pumping. The 
tower stuck fast, finally, depth 41.0 ft. Sinking was then con- 
tinued with sheet-piles about this point the 
temporary lining gave way, partially; the foundations the perma- 
nent plant, which had been built around the shaft, began settle, 
and 1000-H.-P. pumping plant was unable control the water. 
Under these conditions, preparations were begun continue the work 
means congelation. 


The shaft was circular, with clear 
diameter ft. ins. 


The nature the material, from the surface down, shown 
the following: 


Vegetable earth...... Yellowish chalk......... 3.9 ft. 
Clay, with shifting marl.. 2.6 
Clay, with reddish earth. chalk............ 
Shifting, clayey sand.... 4.8 Hard bed............... 
Marly sand, with broken Millstone grit........... 
Shifting, clayey chalk... 3.3 clayey 
Gray and blue chalk..... 124.6 
Clayey chalk............ Marl (dieve)............. 
White chalk............. 265.1 ft. 


The natural water level was depth ft., and the last three 
strata the list may said impermeable. 

Owing the foundations around the top the shaft, was nec- 
essary space the freezing tubes quite irregularly. Eight tubes were 
put down inside the shaft, the circle and 
near the lining the shaft practicable. Outside the shaft, twenty 
tubes were spaced, regularly conditions would permit, over 
square about ft. side. The lining the bore-holes was 
ins. diameter the top, 10} ins. near the middle, and ins. the 
bottom. the bore-holes, 6-in. freezing tubes, 137.8 ft. long, were 
placed, and the linings withdrawn. The circulating tubes were ins. 
diameter. 

Congelation was begun April 9th, 1891, with 
machine driven 40-H-P. engine, and required two hundred and 
three days. Water stood depth ft. the shaft during 
freezing. Mr. Remaux, Engineer the work, calculated that the 
congealed beds contained about 40% water. The freezing solution 
was solution calcium chloride. The temperature the brine 
left the refrigerating machine was —7° Cent. the beginning 
and —16° Cent. the end the congelation period, and was 
warmer its Just previous starting excavation, the eight 
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pipes were disconnected from the freezing machine, and they were 
removed the work progressed. 

Freezing, however, was kept the outer tubes until near the 
completion the work. Sinking was effected without temporary 
lining. Compressed powder was used for loosening the frozen mate- 
The temperature the shaft was about Cent. when the men 
were working. 

The lining consisted iron rings, ft. ins. high, each composed 
ten segments. The web was ins. thick the top, ins. thick 
the bottom, and was reinforced internal ribs. The flanges were 
ins. wide. The iron lining was backed ins. concrete. 
the mixing water was added caustic soda. The concrete, al- 
though frozen, was found have set very satisfactorily. few rings 
cast-iron lining were placed below the masonry the original 
method, before the work was suspended. resuming work, the three 
lower rings were found have been bent into oval form, and they 
had removed. 

No. 10, Bis Shaft, Lens Colliery.—No. 10, bis shaft 100 ft. from 
the No. shaft, and was sunk during 1892. 

The work followed that the No. shaft, and, from the first, 
congelation was decided on. pit, 20.3 ft. diameter, was sunk 
ground-water level, depth 11.5 ft., ordinary means, and lined 
with brick masonry. From the bottom the pit the bore-holes were 
started. The finished diameter the shaft was ft. The material 
penetrated was similar that Shaft No. 10. Twenty holes were 
put down the circumference circle, 16.9 ft. diameter, and 
four holes the circumference circle, 7.1 ft. diameter, 
depth 137.8 ft. The sinking the pit the top occupied twenty- 
five days; the borings and the placing the refrigerating tubes occu- 
pied fifty-six days. After placing the freezing tubes, the linings 
the bore-holes were withdrawn. The same machine was used for con- 
gealing No. shaft. Freezing was begun June 8th, and was 
continued for seventy-five days. Near the end the work, the refrig- 
erating liquid had temperature —20° Cent. entering the freez- 
ing pipes, and —17° Cent. leaving them. 

Excavation was begun August 16th, and was completed 
October Near the top, the excavation was made only little 
larger than the finished diameter, but its size was increased toward 


the bottom. Some powder was used, and the shaft was lined tempo- 
rarily. The alternating bands sand and clay proved somewhat 
unfavorable, the clay froze much more slowly and was less hard 
than the other strata. Where the clay was plastic assumed shaly 
structure, and its difference behavior was likely break the freez- 
ing pipes and produce cracks the ice wall. The cracks, this 
case, however, did not result leaks, any water which found its 
way into them was congealed before reached the face. soon 
the excavation reached the required depth, the permanent lining was 
placed, working from the bottom up. The lining consisted cast- 
iron rings, ins. thick, six segments each. 

No. Bis Shaft, Dourges.—This shaft located the Department 
Pas-de-Calais, France, and was sunk during 1892 and 1893. 

attempt was made sink pumping out, but, depth 
62.2 ft., the three pumps, working their full capacity, cu. ft. per 
second, were still unable control the flow. this stage was 
decided adopt the Poetsch system, and the excavation already 
made was filled with sand. 


The kinds material penetrated are follows: 


Fine-grained limestone... 1.1 Chalk, thicker layers.. 10.2 
With 2.8 Chalk, thick layers.... 9.0 
Sand and gravel......... Chalk, with flints........ 
Sandy clay, with gravel.. 9.5 Sandstone, with much 
Sandy earth, with much 17.4 
Sandy earth,slightly more 198.0 ft. 


The natural water level was depth 23.3 ft. The shaft has 
clear diameter ft. 

The freezing fluid was circulated through twenty-four freezing 
tubes the circumference circle ft. diameter. There was 
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also tube the center the shaft. The freezing tubes were sunk 
through the millstone grit and ft. into the limestone below. 

Work the borings was started October 5th, and was com- 
pleted December 21st. After placing the freezing tubes, the lining 
the bore-holes was withdrawn. 

Congelation was started January 28th, 1893, with Fixary 
machine capable producing ton ice per hour. 

Sinking was begun March 27th. The sand was found 
damp, down depth 36.9 ft. Below that depth the measures 
were entirely frozen. Below the bottom the previous excavation 
compressed powder was used. The work was four 
6-hour shifts, there being six drillers and three shovelers each 
shift. The rate progress was about 5.3 ft. per day. depth 
105.2 ft., which was reached May, the material was found contain 
very little moisture and unfrozen condition. bottom 
the freezing tubes the ground the center the shaft was found 
frozen 1.3 ft. deeper than the sides. During the progress 
the excavation the shaft was lined temporarily with oak cribbing. 
depth 42.7 ft. excavation was suspended and cast-iron lining 
placed, extending above the water level. Cement, mixed with water 
containing carbonate soda, was used back the lining. 


The time required for the various operations was follows: 


Erecting cold-producing plant.................. 


Dourges No. Shaft.—This shaft was sunk during 1894 and 1895. 

this work was started after the completion the No. bis 
shaft, was decided use the freezing process from the first. The 
first operation was sink, presumably water level, circular shaft, 
ft. diameter and lined with masonry. 

The shaft was ft. diameter. The materials above the mill- 


stone grit are 190.2 ft. thick. The water level was depth 
26.2 ft. 
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Twenty freezing tubes were put down the circumference 
circle ft. diameter. hole was also put down the center 
and insulated concentrate the freezing effect the bottom 
the shaft. No. bis shaft, the lining tubes the bore-holes 
were withdrawn. The tops the freezing tubes were depth 
13.1 ft. 

Two Fixary machines, each capable producing 000 lbs. ice 
per hour, were used for congelation. 

Flines-les-Raches.—This shaft located the Department 
Nord, France, and was sunk mainly 1894. 

The nature the material penetrated was follows: 


Vegetable earth......... 1.6 sand........ 1.6 ft. 
Very fine-grained sand.. 26.0 white chalk.... 6.6 
Gray argillaceous sand, Compact chalk.......... 14.8 

with shells.......... 16.4 
Very hard gray sand..... 6.2 chalk........... 
Very dry sandy clay..... 10.2 and sand.......... 


The shaft circular, and ft. ins. diameter. 

Twenty-one freezing tubes were put down, depth 246.1 ft., 
the circumference circle, and twenty-second hole was located 
the center the shaft. adepth 85.3 ft., spring was encoun- 
tered which gave rise strong flow the bore-holes, rising 6.6 ft. 
above the surface the ground. This flow was increased another 
stream depth 219.8 ft. 


This current water ascending along the freezing tubes would 
have made freezing very difficult. order stop it, two masonry 
walls were built around the top the These walls were built 
such height above the piezometric level the water. 
The stream was also tapped bore-hole ft. distant from the 
shaft. these means, the level the water was maintained 
height 4.9 ft. above the ground. The freezing tubes were prolonged 
8.5 ft. above the surface the ground, order 
well above the water level. 
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The machine used for congelation was the Fixary type, and had 
capacity 200 lbs. per hour. Freezing was begun September 
1894, and thirty-eight days the ice tower was united. The 
freezing medium was solution calcium chloride. 

Excavation was begun October 25th, and carried mainly 
picks and wedge needles. Near the bottom, however, compressed 
powder was used. The central tube was dismantled the work 
sinking progressed. 

The lining consisted oak cribs, about ins. thick, and was 
placed sections 45.9 ft., working from the bottom each section 
The timber was backed ins. concrete. The lining 
was completed May Ist, 1895. 

The cost per foot was follows: 


$141.16 


Pits, Anzin Colliery.—This colliery the Department the 
Pas-de-Calais, France. Most the work was done during 1894. 

The Anzin Company desired sink two shafts through what was 
known very treacherous material, and, after considering care- 
fully the various methods, decided adopt the Poetsch process. 
Work the two shafts was carried simultaneously. The two 
shafts are circular plan, and 121 ft. apart, from center center. 
The clear diameter the larger, used for winding, ft. ins., and 
the diameter the smaller, used for pumping, ft. 

bore-hole indicated that the strata passed through were 
follows: 

Vegetable earth...... 3.3ft. White marl 
Greenish sand Rich 
Blackish sand and pyrites 
Gravel Sandy marl 
Compact limestone 
Sandy 1.6 41.0 
White chalk Impure blue limestone.. 36.4 


Gray 


The strata were water-bearing, down 298.6 ft., but 
there existed two distinct levels: one the surface varying with the 
rainfall, and capable supplying about cu. ft. per minute; the 
other, the upper and badly fissured chalk layers, was under such 
pressure that the water rose about ft. above the surface soon 
opening was made. 

preliminary starting work, well, about 800 ft. distant 
from the site the pits, was sunk the chalk, for supplying feed 
and condensing water. About 3500 galls. per hour were needed. 
The well was ft. diameter, and deep, and cost about 000. 
The freezing tubes were put down the circumferences circles the 
centers which were the centers the respective shafts. Twenty 
tubes were used for the larger shaft and sixteen for the smaller one. 
The diameters the respective circles were ft. ins. and 
ft. The freezing tubes were ins., inside diameter, im. 
thick, and 298.6 ft. long. The circulating tubes were ins., inside 
diameter, and in. thick. 

mentioned previously, water flowed from the bore-holes (an 
8-in. hole yielding cu. ft. per minute), and order prevent loss 
heat, was necessary cut off this flow. Small wells were sunk 
around each hole, and wrought-iron pipes, ft. long, and ins. 
diameter, were set around each freezing tube. The tops these 
pipes were above the piezometric level the water, and the wells 
around the pipes were then filled with cement. The joints the 
refrigerating pipes were tested pressure 284 lbs. per square 
inch. Apparently, more than usual care was taken making all the 
connections, not only secure tightness, but reduce friction 
well, and that end the collecting rings were made ins. diameter. 
The pits were covered with sheds with quite complete arrangements 
for handling the pipe and making the borings. The sheds, afterward, 
were modified for use sinking. 

The problem congelation was very carefully studied, and the 
calculations, considerable detail, are given paper Saclier 
and Waymel.* estimated that the measures for the first ft. 
contained 50% water, and that the remaining 207 ft. con- 
gealed contained per cent. The required thickness the ice 
cylinder was found about 4ins. produce the desired 

*Bulletin Société Industrie Minérale, 1895, 27. 
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result, was calculated that 243 pound-calories must 
removed from the ground around the larger shaft, and 191 816 799 
pound-calories from around the smaller one. Allowing 25% for loss, 
the total removed was 543 653 550 pound-calories. The time 
allowed for congelation was one thousand hours. 
machine capable removing 543 700 pound-calories per hour was 
required. The plant installed was driven 200-H.-P. engine, and 
consisted four Linde machines, coupled two together, and with 
combined capacity ice The freezing solution 
consisted tons calcium chloride dissolved 472 cu. ft. 
water. The rate circulation was 70.6 cu. ft. per minute. 

Careful preparations were made record the performance the 
machines and observe the progress the freezing. accom- 
plish the latter, the circumferences circles, ft. ins. diam- 
eter for the larger, and ft. ins. diameter for the smaller pit, and 
radially opposite the freezing tubes, 2-in. pipes, ft. ins. long, were 
driven. These pipes were filled with solution calcium chloride, 
and their tops were protected from the effects the atmosphere. 
Thermometers, cases arranged that they could read without 
removing them from the solution, were lowered the bottom. 

line joining the centers the two shafts, similar tubes 
were placed every ins., thus forming scale for noting the advance 
congelation. The freezing apparatus was started May 28th, 
1894, but the four machines were not full operation until June 12th. 
With all four compressors running, the temperature the liquid 
leaving the compressor was —15° Centigrade. 
higher returning the machine. July the thermometers 
showed thickness the ice the outside the freezing 
tubes was ft. ins., and the inside ft. 5ins. Only two three 
the freezing machines were run after that date. July 16th, the 
ice was ft. thick the outside and ft. ins. thick the 
inside the ring pipes. July 15th, the initial freezing 
tions were considered have ended. The thermal equivalents the 
work done during this period are given Table No. 

stated that there was 20% loss the cooling effect the sur- 
face the ground, owing the distance the machines from the 
shafts. 

Excavation the smaller pit was started July 2d, and the 
larger pit July 16th. The larger shaft was excavated diameter 


- 
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that depth excavation was suspended, and the permanent lining was 
placed, from the bottom upward. 


TABLE No. 


HEAT ABSORBED, PouND-CALORIES. 


Smaller pit. Larger pit. 


Formation ice 885 984 154 487 786 
Cooling ground, outside circuits............ 093 751 358 974 


163 267 371 474 
381 851 297 511 


Totals..... 220 270 927 339 668 985 


Work 221 297 073 355 015 


Excavation the bottom the freezing tubes was completed 
October 16th. temporary lining was required for the second por- 
tion the work. After lining the second section permanently, exca- 
vation, through uncongealed material, the coal measures, was 
completed without incident. Below the depth 100 ft., artificial 
ventilation was necessary. The temperature the shaft lowered 
gradually during excavation; first was +2° Cent., 
the completion the first section 0°, and near the bottom —12° 
Centigrade. The workmen, however, who were employed 8-hour 
shifts, suffered inconvenience from the low temperature. During 
the first period the area excavated was only frozen slightly, and 
very rapid progress ft. per day) was made. 

The ice wall increased thickness gradually, but fair rate 
progress was maintained depth 257.5 ft., where the flints were 
encountered September 15th. this material, the thickness 
the ice wall was much greater, although there was still unfrozen 
core. The thickness the ice wall varied with the material, and was 
much less the fine sand than the coarse gravel, notwithstanding 
the larger proportion water the latter. the fissured chalk, 
blocks ice, containing much cu. yd., were encountered. 
The frozen conglomerate flint was very difficult break up. The 
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tools were broken and the points dulled very rapidly. many 
three thousand picks and wedges had sharpened single day. 
clay, sinking proceeded rapidly, and the frozen mass had the con- 
sistency puddle cemented with ice. the bottom the freezing 
tubes, 298.6 ft. below the surface, the uncongealed core still had 
diameter 3.3 ft. The ice was found extend 2.8 ft. below the 
freezing tubes. The history the excavation the smaller shaft 
similar the larger, except that, owing its smaller diameter, 
the entire mass became frozen through the flints. 

the time the completion the excavation the bottom 
the freezing tubes, observation showed that the thickness the 
frozen mass outside the tubes was about the same the top and bot- 
tom, and the engineers charge state that the frozen portion was 
roughly Both shafts, for depth 386 ft., were tubbed 
with cast-iron rings, in: thick the top and ins. thick the 
bottom the shaft. Concrete, ins. thick, was placed behind the 
tubbing. the main, this was composed two-fifths very hydraulic 
lime and three-fifths calcined coal measure shale. the water, 
calcium chloride was added. 

The cost summarized follows: 


Patent royalty, for two shafts, each 298.6 ft. 


Refrigerating machine, including freezing 

pipes, collector-rings, 009.91 
Experimental apparatus 366.70 
Congelation, May 28th December 28th..... 374.98 


The given Messrs. Saclier and Waymel $177.46 per foot 
shaft. This, evidently, for the 386 ft. tubbed shaft, which 
depth 298.6 ft. was congealed material. 

the paper Messrs. Saclier and Waymel, the engineers, sev- 
eral interesting conclusions are given, and these may summarized 


follows: 


| 


The bore-holes must absolutely plumb. For depths not ex- 
ceeding 328 ft., they may spaced ft. apart. For depths 656 ft., 
they should not more than 3.3ft. apart. The radial distance the 
tubes from the center the shaft should not exceed the radius the 
shaft more than ft. Freezing tubes should not placed inside 
the shaft, for two reasons: 


1.—Excavation much more difficult when the entire mass 
frozen. 

2.—Bodies water are likely imprisoned between the inner 
mass and the annular ice wall. The advance congelation will then 
produce pressures which may rupture the ice walls. The refrigerating 
pipes should tested carefully, and should metal soft 
practicable. The collecting rings should large cross-section, 
and all connections with circulating pipes should made uniform 
manner. 


No. Shaft, Courrieres Colliery.—This colliery the Department 
Pas-de-Calais, France. 

The sinking was practically accomplished 1894. attempt was 
made sink this shaft pumping. Ata depth 102.5 ft., three 
pumps, lifting 8.5 cu. ft. per second, could not handle the water. 
there was room for additional pumps, this method was abandoned, 
and the Poetsch system adopted. 


The material penetrated was follows: 


Yellowish clay, mixed Gray marl, with flints... 6.9 
Blue potter’s clay....... 1.6 White marl..... 
Sand, mixed with potter’s Gray and stronger marl.. 2.1 
clay and marl......... 11.5 Millstone 
3.3 Impure blue limestone... 1.0 
Fine marl, with flints.... 78.6 165.5 ft. 


The last two strata were impermeable. 


The shaft was circular plan and ft. diameter. Twenty- 


four pipes were put down the circumference circle ft. 
twenty-fifth pipe was sunk the center and insulated 
freeze only the material near the bottom. The refrigerating 
pipes were 171.5 ft. long, and their internal diameter was 443 ins. The 
diameter the circulating pipes was 1,5, ins. 


diameter. 
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The freezing plant consisted two Fixary machines, 100 lbs. 
capacity per hour. The freezing solution was calcium chloride. 

Congelation was started April 7th. Excavation was commenced 
June 25th, and was completed July 17th. 

The lining was timber backed concrete. The water used for 
mixing the concrete contained solution carbonate soda 
prevent freezing. 


complete the work, two hundred and twelve days were required, 
distributed follows: 
Boring wells and lowering brine pipes 
Erecting refrigerating plant 
Freezing 


Venus Tiefbau Coliiery (Winding shaft Brux, 
Bohemia. The construction required from January, 1895, June Ist, 
1896. 

The coal beds this part Bohemia are covered thick bed 
quicksand, and several attempts penetrate different points 
have met with failure. One instance cited where the quicksand 
broke into and nearly filled mine. The owners the Venus Tief- 
bau Colliery first attempted sink ordinary means, and line 
the shaft with masonry. the quicksand was approached, burst 
into the shaft and filled height 72.2 ft. depth 19.7 ft. 
was gained, after pumping out, but second rush stopped work 
this method. Next, attempt was made sink masonry lining 
built piles excavating from the bottom. After advancing about 
26.2 ft., there occurred third break such violence throw the 
masonry out plumb, and put stop work this plan. that 
stage the Poetsch process was adopted. 

The nature the material encountered was follows: 


105.0 ft. 


72.2 196.8 


The pressure the upper layer quicksand was two atmos- 
pheres, and the lower layer, from seven eight atmospheres. 

The clear diameter the shaft was ft. ins. Twenty-four holes 
were put down the circumference circle having diameter 


The freezing tubes were placed inside the lining 
the bore-holes. Instead having their lower ends welded, the freez- 
ing tubes were closed the bottom with screw-plug which could 
removed from the top. This provision was made order allow the 
escape the freezing liquid upon the completion the work. was 
thought that the brine would help thaw the pipes free and aid 
their withdrawal. 

The borings were started the middle January and completed 
about April 15th. 

The refrigerating apparatus was the Carré-Kropff type, and 
consisted three machines. One had capacity ton ice per 
hour, and each the others capacity half ton. Seldom more 
than two the machines were used Congelation required 
from June December 2d, 1895. 

Sinking was commenced December 2d, and progressed the 
rate about 3.3 ft. per day. depth 108.3 ft., some water 
entered the shaft, and sinking was interrupted until these openings 
were completely frozen. Below depth 173.9 ft., the entire central 
mass was congealed. The frozen quicksand had the compactness 
soft sandstone, and was excavated with picks and wedges. Only 
light temporary lining was required. 

After passing the lower quicksand bed, February 10th, 1896, 
the permanent lining was begun. Except through the quicksand, the 
lining was masonry. the lower strata, iron tubbing was used, 
and the upper strata dove-tailed concrete blocks. May 15th, 
1896, the lining was completed and the freezing machine stopped. 
The shaft was filled with water temperature 50° 60° Cent. 
assist the setting the mortar and thaw the ice wall. pumping 
out the shaft, was found practically tight. 

Prof. Petrilk gives the total cost lining and sinking about 
$140 per foot. 

stated that the air-shaft, also, was sunk congelation. 
This shaft was about 130 ft. from the winding shaft. 

Ligney-Les-Aire Shaft.—This shaft the Department Pas-de- 
Calais, France. The work was done during 1895 and 1896. 

The thickness the permeable covering penetrated was 
about 270 ft. The borings and the installation freezing machin- 
ery occupied the time from the end April October 12th, 1895. 
Congelation was started December 19th, producing temperature 
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—5° Centigrade. The temperature the ground this time was 

Sinking was begun February 19th, 1896, and May 6th the 
end the frozen ground was reached, depth 300 ft. 

The lining was cast-iron tubbing, rings ft. high, consisting 
eight segments. The tubbing was founded timber crib the 
bottom the shaft. The lining was completed July 16th, 1896. 

Auboué Iron Mine.—This mine the Department Meurthe-et- 
Moselle, France. Operations were begun 1898, and the shaft was 
completed 1900. 

The construction other shafts the vicinity, different 
methods involving pumping, proved very slow and costly. 
Accordingly, was decided adopt the Poetsch process. 

The finished diameter the shaft 16.4 ft., but, allow for 
placing the lining, was excavated diameter 18.5 ft. 

The material penetrated was follows: 


Soft, shelly yellow lime- Crystalline limestone.... 9.8 ft. 
31.2 ft. Crystalline limestone.... 16.4 
Alternating soft yellow Soft yellow limestone... 14.8 
limestone and sandy Gray limestone......... 
Compact limestone, alter- Hard limestone and marl. 11.5 
nating with chalk..... 29.5 limestone... 9.8 
Very hard gray limestone, 44.3 Gray marl......... 9.8 
Very hard white granular Ferruginous limestone... 3.3 
Broken crystalline lime- Pure gray 
rare places with chalk. 32.9 ft. 


Soft yellow limestone, al- 
ternating with crystal- 
line limestone and hard 


preliminary making the borings, well, ft. diameter, 
was sunk ground-water level, depth about ft., and lined with 


masonry. was first planned use twenty freezing pipes, located 
the circumference circle 21.4 ft. diameter. Many the 
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bore-holes, however, deviated from the perpendicular, and was 
necessary reject those which approached the center the shaft. 
Those which diverged from the center the shaft, from each other, 
were accepted, provided the deviation was not too great. all, 
thirty-one holes were bored, which twenty-four were used for con- 
gelation. The diameter the first borings was ins., and the later 
ones 12ins. The distance the latter from the center the shaft 
was also increased 11.5 ft. The 12-in. holes were found much 
more nearly vertical than the 8-in. holes. The freezing and circulating 
pipes were 4.8 ins. and 1.3 ins. outside diameter, and 0.2 and 0.117 
in. thickness, respectively. The depth the holes was 459.3 ft. 
The tops the freezing pipes were just above the bottom the well. 
One hole was bored the center relieve any pressure which might 
occasioned variable rates freezing the different strata. 

Congelation began March 29th, 1899, with two Fixary machines, 
each having capacity 200 lbs. ice per hour. Each machine 
was driven 80-H-P. engine. general, the temperature the 
descending brine was —17° Cent., and the ascending —12° —13° 
Centigrade. Congelation required one hundred days, and, after exca- 
vation was started, July 6th, only one machine was operated. 
facilitate excavation, hoisting house was built over the shaft, and 
annular lining was placed the well shut off the tops the freez- 
ing pipes from the main portion the shaft. Black powder was used 
first, but, later, dynamite was adopted with much better results. 
the minimum temperature, the pipes contracted 2.4 ins., and those 
which were gripped tightly the material that they 
could not move were ruptured the joints. When leak occurred 
opposite the unlined portion the excavation, the pipe was uncovered 
means small tunnel, and water-tight gasket collar was 
placed around the break. breaks could not reached 
this way, third pipe, 2.75 ins. diameter, was placed the hole, 
and served the freezing tube. The rate progress the excava- 
tion varied from ins. per hours hard rock ft. mica- 
ceous clay. 

Three shifts were employed, each consisting one foreman, seven 
miners and seven helpers. The average rate excavation, for actual 
working time, was ins. 24-hour day. Very little temporary 
lining was required. The shaft below the well was dug six sections, 
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which the upper five, aggregating 368 ft., and passing wholly 
through water-bearing strata, were lined with cast iron backed 
concrete. sixth section was lined with masonry. order shut 
off percolation, depths 338 and 394 ft. below the surface, masonry 
rings enclosing the freezing tubes were built around the shaft. When 
the freezing pipes were uncovered place the lower ring was found 
that one them, 18-a, was not coated frost. This indicated that 
circulation that pipe had stopped. about the same time one 
the adjacent tubes was pierced drill and had disconnected 
temporarily. Difficulty locating two the freezing tubes caused 
delay week completing the masonry ring. the end that 
time, water burst into the shaft, near the tube flowing the rate 
about cu. ft. per minute. For several hours, efforts were made 
close the break, but the flow increased gradually and compelled the 
workmen abandon the shaft. order prevent the wearing away 
the ice wall this flow, water was pumped from the outside 
until all flow through the break was stopped. hasten congelation, 
the second freezing machine was started, but, break occurring 
one the pipes, all the brine was lost and congelation had sus- 
pended. Before the leak could located, was necessary remove 
all the inner tubes. These were second-hand, and had been corroded 
badly long exposure the brine. Some them were broken, and 
much time was lost recovering the lower portions. The scale 
rust from the pipes had fallen the bottom the freezing tubes, 
filling them some cases depth from to6 ft. became nec- 
essary shorten the inner tubes corresponding amounts before 
they could replaced. Altogether, fifty-three days were lost 
account the break the ice wall. 

The sinking and lining were completed July 5th, 1900. 

Harchies Shaft, Blaton Colliery.—This shaft Harchies, Belgium. 
The sinking was accomplished during the years 1899 and 1900. 

The shaft 787 ft. deep, and, account the nature the 
material encountered, Mr. Saclier, who prepared plans for the work, 
considered some special precautions necessary. The trial boring, 
Fig. 14, showed that, between the depths 76.6 ft. and 168.0 ft. below 
the surface, there existed bed impermeable clay, and, directly 
beneath this, 575.8 ft. water-bearing material, mostly greensand. 
The specific heat the clay was said not more than 0.2, while 
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that the greensand, owing the large quantity water carried, 
was thought much higher. Under these conditions, was 
probable that the clay within the ring the freezing tubes would 
frozen the center, while beneath there would exist 
uncongealed sand and water surrounded annular ring wall 
frozen material. The further thickening the ice wall toward the 
center would give rise pressure the central cylinder, which 
would longer relieved the escape the water upward 
through the clay. conceivable that this pressure might become 
great enough flatten crack the freezing tubes, even rupture 
the ice wall itself. order guard against this contingency, 
central tube was put down the bottom the greensand form 
means escape for the water under pressure rising and flowing 
off the surface. prevent the tube from being closed freezing 
through the clay, steam pipe was provided whereby could 
warmed down the bottom the clay. was also thought that 
observing the pressure the water the tube fair idea could 
obtained the progress congelation. Although the shaft has been 
completed, information not hand show whether these theo- 
retical conditions existed actual practice. 

The bore-hole previously mentioned penetrated the following 


formations: 

Impermeable clay..... Coal measures......... 


The strata below clay and above the coal measures 
contained water under sufficient pressure produce flowing well with 
head 16.4 ft. 

Fig. shows the freezing pipes surrounding the shaft. 

The freezing machine was rented from the Anzin Company, and 
was the same that used for sinking the Vicq pits. 

Congelation was commenced May 16th, and sinking 
1899. Several the freezing tubes were ruptured, and, instead 


4 


Papers. FREEZING AID EXCAVATION. 


SECTION RECENT PASSED THROUGH 
FOR AIR SHAFT FOR MINE 


From 1901. 
South 


Surface Ground North 


105 Clay 1900 

66 17 
49 16 
21.0 Light Yellow Sand 


Concrete 16 
Surface 

June 20,1900 


Streaks 
Yellow Streaks Total 
White-green Sand with 
Yellow Streaks 841.6 19 « 
108.3 « 
106.6 « 
109.9 “ 2 « 
11877 29 ea 
137.8 
Clay “« 5 « 
aif 6 “ 12 
192 Green Sandy Clay with 
Shells and Black Gravel 
722 
2.0 Green Sandy Clay with 
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trying repair them, the inner tube was withdrawn and replaced 
two small pipes connected the bottom. This arrangement 
worked very satisfactorily. 

The excavation was completed October 24th, 1900. When 
freezing was discontinued, the inner tubes were withdrawn and the 
freezing tubes were filled with concrete. 

The lining was placed sections 164 the bottom 
each section was formed ledge supporting cribs, from which the 
lining was started. The latter was rings, ft. ins. high, cast 
four segments. While the lining was being placed, excavation was 
progress the next section below. 


The Poetsch process was adopted for sinking Shaft No. the 
same locality. 

Maria Shaft.—This shaft belongs the Maria Mine, near Aachen, 
Germany, and was sunk during 1899 and 1900. 

was designed for both hoisting and ventilation, and replaces 
old ventilating shaft. Its total depth about The material 
was water-bearing depth about 188 ft. Congelation was 
adopted for this portion the work. The contract was given 
Gebhardt and Koenig, Nordhausen. The contractors agreed, 
barring certain unavoidable accidents, complete the 188 ft. 
fifteen months, from July 1st, 1899. The proprietors the mine 
guaranteed that warm springs salt-water deposits would en- 
countered. The contractors were maintain the ice wall until the 
lining was placed and safe connection made with the solid 
material. 

The shaft was circular plan, and 13.1 ft. diameter. 

The material the first 188 ft. was clay, gravel, sand, sandy clay and 
firm clay. The order their occurrence shown Fig. 37. The 
water level was 56.3 ft. below the surface. 

The borings for the freezing tubes were started from the bottom 
well 27.5 ft. deep. There were twenty-four freezing tubes, spaced 
equidistant the periphery circle 24.6 ft. diameter. The 
bore-holes were ins. diameter the surface, and, approximately, 
ins. the bottom. They were 190.2 ft. deep. The inside diameter 
the freezing tubes was ins. The inside diameter the circulat- 
ing tubes was in., and the metal was in. thick. The freezing 
tubes were provided with elastic joints, order permit their 


contraction under low temperatures. The casings the bore- 
holes were withdrawn after the freezing tubes were placed. The 
collecting and circulating rings were placed the bottom the 
well. 

The freezing apparatus was driven 120-H.-P. engine. The 
freezing medium was chloride magnesium. The freezing machine 
was started March 23d, but, owing delays for some im- 
provements made the apparatus, did not work regularly until 
May 25th. 

During the delay, the shait was excavated down ground-water 
level and lined with fluted tubbing. June 20th, 1900, 
the excavation was carried depth 4.4 ft. below water level. 
The material was yellow sand, and entered from the sides, 
exposing some the freezing tubes. 

Excavation was discontinued, and the shaft was refilled with sand 
and clay. July 16th, excavation was resumed, although the un- 
frozen core was still ft. diameter. The size the core decreased 
gradually, and, depth ft., necessary point the 
walls the shaft. Later, resort was had blasting with compressed 
powder. The holes were about ft. deep, and inclined angle 
75° toward the center the shaft. The charges used consisted 
from 7to oz. powder. sinking the shaft, there were three 
8-hour shifts eight men each The 131 ft. below ground- 
water were excavated forty days. was feared that the low 
temperature would have injurious effect masonry. Iron 
tubbing was adopted for the lining. 

shown Fig. 37, the soft core was found located quite 
eccentrically the center the shaft. Two the bore-holes had 
deviated far from the perpendicular that they were encountered 
the excavators. The tubes were thrown out commission, temporarily, 
and those portions within the shaft were cut off. The end was then 
closed and the use the shortened tubes resumed. 

leak occurred the ice wall short distance below water level, 
but the water was collected pipe and hoisted the surface. 

Ronnenburg Alkali Works.—These works are near Hannover, 
Germany. Work was begun 1898 and completed 1901. 

The first plan adopted was sink ordinary methods for 131 ft., 
and then, with hydraulic pumps, force down cast-iron shell pro- 
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vided with cutting edge. The inside diameter the first section 
was 21.3 ft. was lined with masonry 2.6 ft. thick. Below depth 
ft. the quantity water pumped was cu. ft. per second, and, 
below depth 88.6 ft., the character the material proved 
very bad. depth 105 ft. the masonry walls were displaced 
laterally 4ins. spite all effort, the pit soon filled with water 
depth After experiments had shown that the ground- 
water, which contained about salt, could frozen, the Poetsch 
process was adopted. Tests were made with brine solutions 
ing, respectively, 10, and 12% chloride sodium. These 
were placed the ice machine and submitted tempera- 
ture —12° Cent. for hours. The shaded areas, Fig. 38, show 
the ice formed that time. The proportions salt the ice and 
the uncongealed liquid are also given for each case. 

The finished diameter the shaft was 19.7 ft. 

The material penetrated was follows: 


Firmly compact gypsum.128.8 ft. 
Yellow sandy clay....... 14.8 Very firmly compact gyp- 

Blue and yellow clay.... Gypsum, with gray and 

Fissured gypsum........ 24.6 quartz and apatite..... 41.0 
2.8 Firmly compact gypsum. 17.5 
2.6 Gypsum, with clay...... 0.5 


The freezing tubes were put down the periphery circle 
having diameter ft. Considerable trouble was caused the 
deviation the holes from the vertical. all, thirty-five holes were 
bored, but probably only thirty were used for congelation. The 
freezing tubes were 413 ft. long. One hole was bored the center 
the shaft depth 953 ft., but, afterward, was plugged 
depth 577.5 ft. The diameter the freezing pipes was and 
the thickness the metal Common gas pipe, ins. diame- 
ter, was used for the circulating pipes. The circulating and collector 
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rings were cast-iron pipe, ins. diameter. The pipes above 
ground were painted with coating tar and cork and covered with 
cork and ashes. The rings were placed about ft. below 
the surface, avoid the effects surface temperature far pos- 
sible. 

the design the freezing apparatus, its capacity was doubled 
account the salt the ground-water. The calculated capacity 
was 240 000 frigories per hour —25°, 300 000 —15° Centigrade. 
test, however, showed the actual output 383 000 frigories 
—15° Centigrade. 

The refrigerator was the Fixary type, and was driven two 

was used freezing. 

Congelation was started January 19th, and excavation about 
May ist, 1901. time the temperature the solution, re- 
turning the machine, was about the same when entered the 
pipes, i.e., —20° Centigrade. July 15th, depth 226 ft. had been 
reached without incident. Blasting was permitted only the center 
the shaft, and excavation was carried mainly with picks and 
shovels. 

Pit No, Ligney-Les-Aire.—This shaft near Estrée-Blanche, 
Northern France, and was sunk 1900-1901. 

The material penetrated was follows: 


Vegetable 7.4 ft. Yellowish marly chalk.. 74.6 ft. 
White marly chalk....... clayey chalk..... 154.2 


The water level was depth 114.8 ft., and there was great 
deal water contend with. 

The finished diameter the shaft was 13.1 ft. Before starting the 
borings, pit, ft. diameter, was sunk depth 9.8 ft. 
Eighteen holes were then put down from the bottom, the circum- 
ference circle having diameter 19.7 ft. The depth the holes 
was 305.1 ft. The borings were commenced May and completed 
September 29th, 1900. 

Fixary machine, having capacity 200 lbs. per hour, was 

for congelation. 
The period excavation and freezing extended from November 


9th, 1900, June 24th, 1901. 


The total time required was two hun- 
dred and twenty-seven days. 


Washington Colliery.—This colliery near Washington, County 
Durham, England. 


The first larger shaft which this description mainly devoted 
was sunk 1902. 

Some old abandoned openings existed the property, but the 
owners decided install modern system working, and discarded 
the old pits. The adopted plan called for two circular shafts, ft. 
and ft. diameter, respectively. there had been much trouble 
sinking ordinary means, the same locality, the Poetsch pro- 
cess was adopted from the first. Considerable interest attached 
this sinking, said Mr. Mark Ford, the manager, the 
first application the process England. The contract for both 
shafts was given Messrs. Gebhardt and Koenig, Nordhausen, 
Germany. The installation much the plant was made with regard 
the sinking the smaller shaft, but, from the information hand, 


does not appear that actual operation were begun the smaller 
until after completion the larger pit. 


The material penetrated was follows: 


Yellow sand, dry........ clay, dry......... 5.2 
Gray sand, wet.......... Stiff clay, with boulders, 
Gray sand, with gravel Yellow freestone......... 13.0 


The wet sand contained about 19.6% water. 

preliminary sinking the tubes, well, ft. diameter, 
was sunk adepth ft. This well was lined with plank supported 
wooden cribs, ins. square and spaced ft. apart. Twenty-two 
bore-holes were spaced equidistant around circle having radius 
10.25 ft. 

The borings penetrated the freestone The holes were 
ins. diameter, and considerable trouble was experienced keep- 
ing them vertical, especially through the boulder clay. Four-in. 
freezing tubes with outside sleeve joints were inserted the holes, 


and the withdrawn. Six sets casings served for twenty- 
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two holes. The circulating tubes were in. diameter. The cir- 
culating and collector rings were about ft. above the bottom the 
well. the middle the shaft was placed tube, ft. deep, from 
which the temperature and height the water were noted, ‘‘as the 
gradual increase the ice wall slowly caused the water 
fore starting congelation, the top the shaft was enclosed and 
exposed pipes were covered with straw rope. 

The freezing plant was the ordinary ammonia type, and was 
duplicate. The engines were The circulating medium 
was solution chloride magnesium containing about 26% 
salt. This solution freezes temperature 34° Centigrade. 
The temperature the solution leaving and returning the re- 
frigerator shown clearly The brine was circulated the 
rate 144 galls. per minute. The initial freezing period covered 
forty-three days. 

May 5th, 1902, the end the forty-three days, excavation 
was commenced. The sinking was made 17.8 ft. diameter allow 
for lining. Through the sand,a core, diameter, was always 
soft, and the remainder could worked readily with pick. 
eleven days ft. were excavated. the clay, however, the ice wall 
was much thicker. The central core was partially frozen, and never 
more than ft. diameter. Recourse was had blasting, but, 
owing the brittle condition the tubes, great care had exer- 
eised. Gelignite was used the explosive, and the charges consisted 
ing, the latter froze quickly that held the drills the holes. 
One the freezing tubes was split, probably owing the effects 
shock, and had thrown out use. the sand, the shaft was 
sheathed temporarily with wooden cribs, ins. square, and lagged 
with planks. short distance the wet sand, iron was used, in- 
stead wood. soon the freestone was reached, cast-iron 
segmental ring was placed, and from this the permanent lining 
brickwork was started. 

general, the lining consisted two concentric rings brick- 
work, each ins. thick, with 2-in. annular space between them. 
This space was filled with cement. The brickwork was laid cement 
mortar. prevent the mortar from freezing, was mixed with 
water containing caustic soda. After the completion the 


q 
q 
a 
q 


— 


lining, the freezing tubes were removed and the holes filled with 
cement mortar. The removal the tubes was facilitated the cir- 
culation steam, but, some cases, the lower sections were lost. 

There was some difference opinion the necessity freezing 
the boulder clay, but the contractors refused take any responsi- 
bility the sinking the second pit were not done. 

Shaft No. Laura and Vereeniging Colliery.—This colliery the 
Province Limburg, Holland. 


The date work not given, but was probably some time 
during the years 1900 1902, inclusive. 

about 270 ft. watery sand were penetrated before the 
coal measures were reached, the Gebhardt and Koenig process was 


adopted. This, apparently, the Poetsch process improved and 
modified some its details. 


The shaft 14.8 ft. clear diameter. 


The material penetrated was follows: 


81.3 Gray sand, with brown 


The water level was depth The 295.1 ft. between 
the water level and the coal measures were all heavily water-bearing. 
The coal measures, themselves, depth 333.0 ft. below the sur- 
face, were fissured, and, consequently, contained considerable water. 
Below this there was layer compact sandstone, then compact, 
slaty ground. Previous sinking the freezing tubes, well, about 
ft. diameter and ft. deep, was sunk and lined with rings 
channel irons supporting planking. 

From the bottom this well, twenty-four freezing pipes were put 


down having 23.9 ft. The freezing tubes 


were ins. diameter, and were provided, about mid-depth, with 
elastic unions prevent breakage contraction. which 
the tubes were placed not stated, but, probably, they did not pene- 
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trate very deeply into the coal measures. They were tested carefully 
their verticality, and, later, were found practically true. 
The circulating tubes were ins. diameter. The distance between 
the borings was about 2.9 ft. 

The cold-producing apparatus was the carbonic-acid type, and 
compressor was used. The refrigerating liquid was 30% 
solution chloride magnesium, and left the cooling tanks 
temperature —20° Centigrade. eight days after the freezing ma- 
chine was started, the wall ice around each the pipes was ins. 
thick. During the early portion the freezing period there were 
several interruptions. 

Sinking was begun three months after congelation was started. 
For the entire distance down the coal measures there was un- 
frozen central core. Excavation was carried with hammers and 
chisels. powder was used, there was some fear injuring the 
ice walls. There were occasional soft spots, due the escape the 
freezing solution, but these did not cause any trouble. The rate 
progress was about 4.9 ft. per day, and the coal measures were 
reached without incident. However, attempting widen the 
shaft, the coal measures, collapse occurred the south side 
the shaft. The pit was partially filled with water, and sand rose toa 
height 131 ft. order prevent further damage the ice wall, 
the shaft was filled with water its natural level. strengthen 
the ice wall, six tubes were put down the south side the shaft 
and the periphery circle ft. diameter. Twelve tubes 
were also sunk inside the shaft near possible the walls. 
these tubes extended ft. into the coal measures. boring the 
outer holes, cavities were discovered behind the ice wall, but the 
ground, evidently, had been greatly disturbed. During this opera- 
tion, two subsidences the earth occurred the south side the 
shaft. The sinking the holes inside the shaft was accomplished 
with considerable difficulty, particularly the workmen, aband- 
oning the shaft, had left all their tools behind. After freezing had 
advanced sufficiently the new tubes, the work excavating the 
sand was started, and, depth 230 ft., the mass was found 
entirely frozen. 

The provisional timbering was uninjured, and the channel rings 
were their original position. This indicated that the ice wall had 
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remained undisturbed. was soon found that the tubes inside the 
shaft, particularly those the north side, had deviated very consid- 
erably from the perpendicular. The position all the holes the 
second set, the level 278.9 ft. below the ground, shown 
Fig. 39. depth 308 ft. the deviations had increased consid- 
erably, and was not deemed safe proceed further with the exca- 
vation until additional tubes were placed. The bent tubes were 
removed, and third series, fourteen holes, was started the 
level 308 ft. below the surface the ground, and located shown 
Fig. 40. order avoid interfering with the wedging cribs, used 
for supporting the permanent lining, these new holes were started 
inclination outward from the vertical. guard against 
sudden inrush water, the boring rods were worked through stuff- 
ing boxes hollow guides set concrete the bottom the shaft. 
The cold was severe, the temperature being times low —13° 
Centigrade. The water for washing out the borings froze quickly even 
when warmed, and was found necessary use weak solution 
chloride magnesium. 

making these borings, the limit congelation, indicated the 
presence water, was noted, and shown graphically the devel- 
oped surface, Fig. 42. The freezing tubes had inserted quickly 
order let little water possible into the shaft. Tube No. 
gave considerable trouble, spring water broke out along 
the outside and could not stopped even after freezing was started. 
After number expedients had failed, was finally choked, the 
end about four weeks’ time. This third series was connected 


circulating and collector rings placed about ft. above the bottom 
the shaft. After congelation had been completed, Holes Nos. 15, 


16, and 17, Fig. 42, were driven depth 349 ft., and showed 
that the ground was completely frozen. The freezing tubes which 
were working this stage are shown Fig. 41. Forty freezing 
tubes were now operation, and was feared that, through the 
intense cold, the expansion the material might fracture the frost 
wall, and for this reason some the pipes were put out use 
occasionally. 

Soon after the resumption the excavation, was found that the 
tubes the third series were all nearly vertical and did not leave room 
for placing the ordinary wedge cribs for supporting the lining. Ata 
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depth 336 ft., excavation was suspended. Two fluted tubbing rings 
were designed, take the place the wedge cribs, and served the 
purpose admirably. These rings were composed segments, ins. 
high, and had two horizontal ribs well flanges for the full length 
the segment. Between these ribs the web was arched outward. 
These rings did not differ from the ordinary rings used for the entire 
shaft, except the arched webs. The two rings were care- 
fully the bottom the excavation, and the space between them and 
the ice walls was filled with quick-setting concrete. render the 
concrete frost-proof, solution calcidum was added, and 
proved very satisfactory. Previous experiments proved that solution 
soda failed its effect, and that solution magnesium chloride 
diminished the solidity the concrete. After the tubbing was 
completed the surface, excavation was resumed. 


The time required for completing the shaft the coal measures was 
twenty and one-half months, divided follows: 


Making borings and fitting tubes........ months. 
Mounting ice machine, 
Placing additional tubes and congelation... 


Work now progress second shaft, and, profiting 
experience, the tubes will sunk about ft. into the coal measures. 


Under this heading are included the projects for and actual applica- 
tion the freezing process which only brief mention has been 
found. Such information available given each case. 

Bucharest, Roumania.—Engineering News, July 5th, 1884, states 
that Mr. Poetsch has just closed contract sink series bridge 
piers the above locality. The writer has been unable find any 
further details regard this matter, and uncertain whether 
not the contract was ever carried out. 

Wyoming, Edward Abbott, and number 
the technical journals, refer the fact that freezing pipes were being 
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placed for sinking shaft the Wyoming Valley, Pennsylvania. 
further published information could found, but inquiry Mr. 
Morris, Chief Engineer the Coal Companies, Wilkesbarre, 
Pennsylvania, elicited the following information: 


find investigation that the freezing process has never been 
actually used shaft sinking this region, though has been at- 
tempted one case which the following the history given Mr. 
Crawford, now the Peoples Coal Company, Scranton, Pa. 

1889 the Mt. Lookout Coal Company, which Mr. Crawford 
was then Superintendent, started sink two shafts near Wyoming, 
the strata, developed test holes, showing approximately ft. 
dry gravel, and ft. quicksand above The first shaft 
was sunk pneumatic process with square caisson, and, while 
was process sinking, attempt was made sink 
the freezing process, pipes being put from 5to7 ft. apart circle 
around the proposed shaft driven 1024 ft. rock and ft. further 
into the rock itself, which, from the bore-hole indications, was sup- 
posed solid. freezing mixture, temperature varying 
from below zero, was circulated the pipes for period 
about seven weeks, when the first shaft’s caisson reached rock which, 
instead being solid, was found fissured for ft. below its surface, 
and with large flow water from the fissures. 

With this information, the Mt. Lookout Coal Company, decided 
that would impossible succeed with the freezing process, 
with pipes extending only ft. into the rock, abandoned the 
attempt and successfully sunk the second shaft with pneumatic 
caisson, finding rock ft., above, but only succeeding 
making water-tight joint solid rock depth 140 ft. below the 
surface, the fissured rock extending this shaft for about 
below the rock surface.” 

considerable time elapsed between the cessation the 
freezing and the sinking the caisson, the ground passed through 
said have been quite well frozen, and Mr. Crawford gives his 
opinion that had not been for the fissured rock the freezing process 
would have been success.” 


Sulphur Mine, Parish, Louisiana.—For many years 
attempts have been made various companies sink shaft the 
rich sulphur deposits occurring this parish, but all have failed. 

1886 the National Sulphur Company proposed use the 
Poetsch process. appears, the following quotation from recent 
letter Mr. Kerr, Assistant State Engineer Louisiana, that 
actual work was done. 


plant for operating the process was ever installed the 
Sulphur Mines, Calcasieu Parish. Only the right operate was 
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acquired myself and associates the time, and nothing more than 


examination into its merits applied locality looked into, 
explained the article which you refer. 


conclusion was the time arrived that the process was 
eminently fitted accomplish the objects view, but failure 


capitalize the enterprise finally caused abandon the project and 
the process was not put into test there.” 


The article mentioned the quotation one Mr. Kerr, the 
Journal the Association Engineering Societies, Vol. XXVIII, 1902, 
page 90. contains very interesting account the various 
attempts mine sulphur this locality. 

The Scientific American, Vol. 73, page 388, and again Vol. 75, 
page 280, states that the refrigerating plant was installed, but that 
cqngelation was not successful. 

Harlem Speedway.—The Engineer, London, June 28th, 1885, page 
556, states that Sooysmith and Company are attempting freeze 
bed quicksand penetrated the excavation for retaining 
wall. The depth the excavation about ft. row 4-in. 
pipes sunk, the pipes ft. apart. Inside the 4-in. pipes, 
smaller pipes are placed, through which compressed air (the freezing 
medium) conveyed the bottom the large pipe. other 
information, indicate the success failure the project, has been 
found. 

the Institution Civil Engineers, Vol. CXXIV, 1896, page 499, the 
adoption the Poetsch process for the repair the cylinder pits 
the canal lift Fontinette noted. 

The Journal the Iron and Steel Institute, No. 1897, Vol. LI, 
states that the process was applied successfully. 

Shaft near Eygelshoven, Province Limburg, ab- 
stracts from Ingenieur, published Rotterdam, state that the 
freezing process had been adopted several instances for sinking 
shafts the vicinity mentioned. The article, apparently, quite 
complete, and might afford considerable information translated. 
The date the article 1901. 


Shaft the Ascot Deep Leads Company near Ballarat, Australia.— 


twenty years ago the diamond drill passing through the 
basalt into drift’ found the hydrostatic pressure sufficient eject 


The Mining Journal, 25th, 1902. 
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water and sand above its derrick, about 450 ft. This pressure has 
been considerably reduced pumping other shafts miles distant. 
The above-named Company is, for the first time Australia, trying 
get through not very thick layer drift below the basalt 
employing the freezing process Poetsch method. date 
writing there seems little doubt its complete success, 
owing, said, the great pressure water still present 

Brussels Railway. —Mr. Gobert states: 

Very many sinkings the freezing process are contemplated 
Belgium, and was expected that the soil Brussels would frozen 
for the line railway between the Nord and Midi Railway Stations. 
The Government had consulted the writer and had given them 
complete report upon the subject.” 


Empelde, Germany.—The Colliery Guardian 7th, 1903, 
page 314, incidentally, mentions the use the congelation process 
the Schalken, Gruben und Hiittenverein Empelde, near Hanover, 
1899. particulars have been found. 

Railroad Turnel Under the Hudson River.—From time 
time has been suggested that the freezing process could used 
advantage constructing tunnels under the Hudson River. 
Since the Pennsylvania Railroad tunnels have been projected, plans 
worked out some detail have been published the technical 
papers. 

Shafts Sunk Gebhardt and the advertisements this 
firm they claim have completed successfully the following shafts: 

Two shafts for the Société Anonyme des Charbonnages, Willem 
Sophia, Spekholzheide (Limburg, Holland). 

One shaft for the Vereinigungs Gesellschaft fiir Steinkohlenbau, 


Wurmrevier, Kohlscheid. 


One shaft for the Gewerkschaft Braunkohlenbergwerk, Consol 
Sophie, near Wolmirseben. 

One shaft near Gusten fiir die Anhalt Regierung. 

Two shafts, diameter, for the Consol Alkali Works West- 
eregeln. 

One shaft for the Con. Braunkohlen Mine, near Atzendorf. 

One shaft Essen, the Ruhr. 

One shaft, 147 deep, 6.1 diameter, for the plant Auguste 
Victoria, Recklingshausen. 

further particulars are available. 


North England Institute Mining and Mechanical Engineers, 
ol. 
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data this paper have been gathered from the 
following publications: 


Allgemeine Bauzeitung. 

Annales des Mines. 

Berg und Huttenmannische Zeitung. 

Bulletin Société Industrie Minérale. 

Colliery Guardian. 

Engineering 

Engineering and Mining Journal. 

Engineering News. 

Iron and Coal Trades Review. 

Journal the Association Engineering Societies. 
Journal the Iron and Steel Institute. 

Journal the Western Society Engineers. 

Génie Civil. 

Mining Journal. 

Minutes Proceedings the Institution Civil Engineers. 
Oesterreichische Zeitschrift fur Berg und Huttenwesen. 
Proceedings the Institution Mechanical Engineers. 


Proceedings the South Wales Institute Engineers. 
Railroad 


School Mines Quarterly. 

Scientific American Supplement. 

The Engineer 

The Engineering Record. 

Transactions the Federated Institute Mining Engineers. 

Transactions the Mining Institute Scotland. 

Transactions the North England Institute Mining and 
Mechanical Engineers. 

Zeitschrift des Vereines Deutscher Ingenieure. 


list these authorities, with details year, volume, page, 
etc., for each mine, shaft, other work described, filed the Li- 


brary the Society, where may examined anyone who 
interested the subject. 
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PAPERS AND DISCUSSIONS. 


This Society not body, for the facts and opinions advanced 
any its publications. 


DESIRABLE METHOD 


DREDGING CHANNELS THROUGH RIVER BARS. 

Discussion.* 

the outset, that not expert the details dredging, and that 

this paper could have been discussed much better by, say, 

Maltby, Am. Soc. E., Superintendent Dredging Operations 
for the Mississippi River Commission; Professor Timonoff, 

Am. Soc. E., from whom hoped discussion will received, 

the Mississippi River Commission, who have paid great attention 

the subject for many years, and have evolved the methods now 

use that river. 
The speaker agrees with Mr. Hering, and with the author, that, 
general principles, dredged slope the direction the current 


would better than slope against the current; but, how far that 
practicable, and how far, really, practice, will answer the purpose 
tion solved the results actual practice, and these are not 
given the author. Evidently, theory which the author has 
advanced from his own observations, and, far based ex- 


perience, might well adopted. 


Continued from December, 1903, Proceedings. See October, 1903, Proceedings. for 
paper this subject Maximoff, Assoc. Am. Soc. 


q 
~ | | 


DISCUSSION DREDGING RIVER CHANNELS. 


germane the subject take the more general question Mr. Corthell. 
dredging, not the way discussion the method proposed 
the author, but developing this very important method improving 
rivers. 

The subject has important history, dating back 1880 1881, 
not only this country, but Russia and other countries, and old 
methods are being laid aside. What was considered best twenty-five 
years ago, dredging river improvement, has, long experience 
and dealing with great forces, been subjected change. During 
the past three four years, the experience, observation and interest 
the speaker, engineer, have been largely upon these subjects 
river and harbor improvement, which has been obliged 
study, and has been called upon give his opinions foreign 
government. 

Knowing quite well what has been going Russia, through 
quite intimate acquaintance with Professor Timonoff, who was one 
the originators this method Russian rivers, the speaker has ar- 
rived some conclusions, and will give general the history 
dredging, because very important subject, respect the 
navigation great rivers, not only those the United States and 
Russia, but those other countries. 

the first place, reading this paper, one impressed the 
similarity between the Volga and the Mississippi. They are about 
the same size; the navigable length about the same, about 000 
miles; the maximum discharge the Volga nearly 500 000 cu. ft. 
per second, which about the same that the Mississippi, although 
there have been extraordinary conditions the latter when the dis- 
charge has been greater; the rise and fall the water places 
approximately the same, that the Mississippi being little greater, 
perhaps; and also the conditions the bars and the depth over them, 
although the minimum less the Volga. The general features 
the two rivers are very much alike; one emptying into inland sea, 


and the the ocean—or the Gulf Mexico. Thus the lessons 
learned the Volga can applied the Mississippi and other 
great rivers. 

Another very interesting fact relates the number miles 
navigable water Russia. The author has given about 000 
miles. Professor paper few years ago, stated that 
there were 100000 km. miles) navigable waterways 
Russia, but, doubt, included Siberia. Thus, comparing the 
United States and Russia, these features, there more less 
similarity. 

reference the changes which have taken place these two 
countries during the last twenty years, experience, opinion and 
for 


methods, examined and compared carefully, will seen that 
they have kept pace with one another. 


| 
t 
i 
hg 


Mr. Corthell. 


examination Table No. shows that the appropriations for 
permanent works have been decreasing, particularly within the last 
three four years, since very large dredges have been put oper- 
ation. This table also shows that the sums expended dredging 
have been increasing, and that large amounts are still required 
maintain the permanent works, old works constructed some years 
ago. indicates that the tendency toward amount 
dredging, the author has stated. 

Three four years ago the speaker went Argentine advise 
the Government river regulation, and then had found neces- 
sary study what had been done the Mississippi, reference 
dredging, had never studied before. Taking the reports 
the Mississippi River Commission, from 1881 1900, had examined 
them carefully; taking up, first, the engineering work; secondly, the 
constructive work; and thirdly; the results experience and the 
change opinion. These were the headings under which the investi- 
gation had been made. Probably two three months study were 
spent getting the results the experience the Mississippi, 
and, glancing over the many pages that investigation and the 
notes taken, one can see the changes opinion, due experience, 
taking place, just they have been taking place Russia. one 
should examine the reports the Commission for the last three 
four years would see that coming the principle, enun- 
ciated several years ago French engineers, and, following them, 
Professor Timonoff, which is, improve these great rivers 
and the attraction the that is, open chan- 
nels the direction which the waters will flow most easily, and 
that way draw the water low river through these artificial chan- 
nels for the improvement navigation, and with the hope and ex- 
pectation that they will continue that direction, approximately, 
during the high-water season, and thus, eventually, make permanent 
channels, without any great expenditure permanent works. 

the speaker’s opinion, the subject great importance, be- 
cause, from its development, lessons can drawn from the work 
being done other countries. 

The following quotation from paper Professor Timonoff 
the International Congress Navigation, held Paris 
1900, which laid down the law governing the case. foot-note 
that paper refers toa paper, presented the Maritime Congress 
1889, Pasqueau, Chief Engineer, Ponts Chaussées, the 
Port Bordeaux and its 


wrong generalization the law hydraulics therefore 
made arguing these rivers (the Garonne and similar rivers), 
they were mere ditches with trapezoidal section, which one bank 
can influence the opposite bank. These rivers are very wide and 
shallow that the action the banks, fixing the navigable 
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may considered importance. The navigable channel makes Mr. Corthell. 


its way along this expanse water without being much influenced 
the banks, obeying another law, quite general, but which often 
lost sight of. call this law, the law the attraction waters, and 
explain follows: 

suppose sheet water, very wide, with rectilinear 
other banks. there exists, Section the right bank, 
more water will pass along the right bank, than along the left 
bank. natural artificial channel, exists further along 
the left bank, more water will pass the left than the right. 
Therefore the channel, will determine, the direction, 
oblique current which will carry part the waters from the right 
bank the left bank. 

state this fact saying that the channel, will attract the 
waters the left bank, and that the waters, once thrown this bank, 
will remain there, whatever the form the bank, long they 
will not attracted drawn another direction natural 
artificial channel established the other side. conclude from that, 
that those rivers permanent results can obtained dredging di- 
rected intelligently. The effect this dredging is, not only take 
away deposit susceptible reforming again, but really produce 
permanent modification the bed itself.” 


Professor Timonoff proceeded then follows, the foot note: 


Regarding this same law, find the discussions which fol- 
lowed Mr. Pasqueau’s report, the following discussion the paper 
Mr. Vauthier, General Engineer: 

precedes brings Mr. Pasqueau’s second question, 
and agree with him the efficiency which, numerous cases, 
pre-existing navigable channel may have assuring good régime. 

certain that longitudinal excavations, carried out intel- 
ligently, the currents may not only attracted into definite region 
the bed, but maintained there; and prepared acknowl- 
edge that, regards dredging river beds, too much stress has been 
laid this objection, regarded irrefutable, that the natural action 
which had previously modeled the bed, would succeed, sooner later, 
re-establishing things their former state. First, not true 
the case which the dredge makes matter disappear which was not 
naturally underminable; and also often false, general rule, 
because the new conditions created may, co-relatively, determine up- 
and down- stream changes, suitable for assuring the maintenance 
dispositions artificially realized.’ 

1894 another French engineer, Mr. Gerardin, the Congress 
Navigation the Hague, brought the same subject and dealt 
with very nearly the same way, and was one the earliest 
who had brought forward this general method, dredging, instead 
building permanent works. 

Mississippi Commission, their report 1898, used the 
following language closing one the paragraphs this subject: 
‘Those principles, which seem most applicable our tem- 
porary works, permanent low-water improvements, are 
well stated Mr. Gerardin, Engineer the Ponts Chaussées, 
paper the training rivers low water, read the Sixth Inland 
Navigation Congress, held the Hague 1894.’ 

From these extracts can seen that the subject has been dis- 


cussed for some time very prominent engineers, that may con- 


if 
7 ; 
7 
q 
7 
‘ 
5 
7 
q 
q 
| 
q 

; 


Mr. 


cluded the present time that not matter for further discussion. 
method which experience has tanght the best for improving 
the navigation rivers like the Mississippi, the Volga, the 
the Rio Plata and others that nature. 

1898, Professor Timonoff, important paper,* wrote: 


what means can improve the navigable conditions great 
rivers such the Dnieper, the Volga, the Lower Danube, the Missis- 
sippi and others Can not find method more sure and less costly 
than the methods improvement they are applied to-day? The 
author has sought solve this problem, and long analysis the 
works improvement executed France, the United States, 
Germany and Russia and other countries, has led him formulate and 
propose method which calls ‘Regulation Improvement 
Dredging and the Attraction the Waters’; method taught particu- 
larly the theoretical researches the French scientists and the 
experiments dredging American 

And then states, further: 


this what consists of, viz.: The waters are not 
directed force over the bars which are improved; the con- 
trary, are preserve those bars from the danger being too deeply 
cut, they are often, permanent works. And the secondary 
channels are not closed, first, least, and not until, means 
dredging, the proper location the channel has been determined. 
commence, after very careful study the local conditions 
each the bars, strong mechanical dredging the direction the 
channel considered the most suitable and the most convenient. The 
width the cut reduced the minimum. The depth, the con- 
trary, should made great possible, and the mechanical 
dredging itself means improvement, regulation, independent 
its importance, and much the more capable making im- 
mediately depth necessary for the navigation. And, finally, the cut 
made across bar modifies the conditions the movements the 
waters, and here the law the attraction the waters applies.” 

The foregoing quotation given show how the subject has 
grown and has been moved this direction the French and 
Russian engineers. 

Last year, the speaker was requested, the Minister Public 
Works Argentine, make special examination, during the past 
winter, the results works the Mississippi, and the methods 
pursued there; and, also, learn the opinions the engineers and 
make report the subject. has done so; and, without going 
into all the reasons the facts which had led him his conclusions 
that time, would quote the closing paragraph that report. 
This had been made after examination the improvements and the 
dredge boats the Mississippi, and talking with the Superintendent 

Dredging, Mr. Maltby, Memphis, where the dredging fleet was 
laid winter quarters. was follows: 

the whole subject operations the Lower Mississippi, after many 


Annales des Ponts Chaussées. 
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years’ experience, and the expenditure probably $40 000 000, 


river like this, the best practical plan dredge the channels 
low water, and only such construction work necessary 
important points prevent the river from making radical changes, 
and not attempt confine the channel contracting works, 
the interest the money expended will more than all the 
dredging work required make and maintam the channels during 
the navigation season low water. other words, the principle, 
enunciated Professor Timonoff, the waters’ the 


true principle improving such rivers the Mississippi and the 


The report proceeds follows: 


latter river (the much more favorable one, 
respect its conditions, than the Mississippi, for the reason that 
carries only about one-tenth the sediment carried the Missis- 
sippi. The channels, once made the line the strongest currents, 
will not only maintain themselves for, probably, several years, but 
will enlarged thus directing the current through them. Even 
the Mississippi, where immense quantities sediment are brought 
down the annual the river, the channels are found 
much better maintained than was expected them. fact, most 
when properly laid out receive the current good line, have 
largely maintained themselves, that the dredge work really 
becoming less and less; that may say that experience here and 
the great rivers Russia has demonstrated the fact that 
making and maintaining river channels, the dredge work should pre- 
dominate, although there are many cases all these rivers where 
guiding and controlling dikes and protection banks may found 
useful and often necessary.” 

the Argentine rivers, particularly the head the Rio 
Plata, there are found practical illustrations what will result from 
dredging. The dredging, however, was not done dredge, but, 
after very careful examination the bottom and the direction and 
velocity the currents, the steamers had been sent through certain 
channel, marked luminous buoys, that day and night 
they had passed over the same ground exactly, and thus the depth 
over difficult bar had been increased from ft. within two 

This very satisfactory result and the results other countries led 
the Argentine Governmeat adopt the same method probably one 
the most troublesome bars found anywhere for ocean naviga- 
tion, the Punto Indio Bar the Lower Rio Plata, which 
miles wide, which there were only ft. water, and where 
the river was miles wide. The plan now being carried out, 


after examining all the conditions carefully, ascertaining the velocities 
and directions the currents, and examining the material the bed 
the river, buoy, light-boats and luminous buoys, channel 

The buoys and light-boats can seen from one 
the expectation, and the speaker believes well 
grounded, that within, say, three four years after this route 


over the entire bar. 
another. 
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Mr. Robinson. 


navigation has been used deep-draft steamers, there will very 
considerable increase the depth water. 

There are many rivers the world where impossible build 
constructive works, and the Rio Plata one them. When the 
speaker went Argentine believed that the principles which had 
been applied and the methods which had been used the Mississippi, 
that is, guiding works, etc., might used the 
and the Rio Plata, but when stood the presence 
river miles wide made his mind that there must 
method better than such costly one for government which had 
very small means for carrying costly works; and was with that 
before him, and with the request made give opinion and make 
plans, that had made such very careful study the work the 
Mississippi and Russia, and had become satisfied, from that 
study and from some practical experience such work, that the most 
feasible plan for navigation, and for the exchequer the government, 
was carry out the principle dredging and the attraction the 
waters,” enunciated Professor Timonoff. 

the Volga there one powerful hydraulic dredge, designed 
Mr. Lindon Bates, American engineer, and the cost the work 
done it, compared with the cost work done other dredges, 
given official report, the Engineer the Russian Govern- 
ment, for 1901 and 1902. 1901 the cost, including all expenses— 
probably, however, not including depreciation and interest—was 
cents per cubic yard, very large quantity work, whereas the 
cost the ordinary pump dredge the Volga had been about 
cents. The report states that the total quantity taken out the 
Bates dredge 1902 was 982 598 cu. yds. cost 3.6 cents per 

very useful addition the records the Society account the 
data contains relating the navigation interests of, and the means 
used improve, the rivers Russia. The nature these rivers 
and the conditions navigation upon them are not unlike those pre- 
vailing this country, and Mr. Corthell has drawn attention the 
great similarity between the Volga and the Mississippi. Each river 
drains vast extent interior country and subject spring rise 
alluvial matter which forms bars obstructing the channel low 
water. Each, also, ice-bound its northern part during the winter, 
and the low-water navigation depth each similar. The method 
improving the Volga, described the author, different from 
that used the Mississippi. the Volga, the author states that 
the dredges are the elevator from which the material pumped 
away distance. dredges this type, one set machinery 
excavates and lifts the material and separate set machinery dis- 
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poses it. view the double duty thus performed these Mr. Robinson. 
dredges, the quantity work done and the cost, given the paper, 

are most creditable, and lead one think that, powerful hydraulic 

dredges suitable design were adopted, which could perform the 

double operation excavating and disposing the material, still 

better results could obtained. 

The author states that the average cost per cubic yard material 
excavated and carried away was 9.81 cents, while for single dredges 
averaged from 2.70 48.40 cents. The cost dredging the St. 
Lawrence River, where the speaker has been doing some work lately, 

less than that. the report the Chief Engineer the Depart- 
ment Public Works Canada for the fiscal year ending June 30th, 
1902, the cost the ship channel the St. Lawrence, 
between Montreal and Quebec, given detail for the various locali- 
ties, executed the various dredges. account the wide 
diversity material, this cost varies from 1.75 36.69 cents per cubic 
yard, the average the whole being 4.58 cents. This for operating 
expenses, including ordinary repairs, but not interest depreciation. 
The dredges which this work was done are the elevator type and 
the hydraulic type, but not both combined. 

With regard the arguments adduced the author favor 
his proposed method cutting sloping channel, they seem 
reasonable. There doubt about the scouring action the water 
dredged cut. due the more rapid current. Experience 
the Mississippi and the St. Lawrence shows that the current 
will flow more rapidly through the increased section dredged cut 
than over the shallower portions the river. The speaker thinks 

that the most that can said for the scouring out the dredged 
parts, aliuvial river subject wide changes allits conditions, 
that the scouring action delays the filling-up process, but does not 


prevent it. There are exceptions this rule, scouring action 
sometimes found increase the depth for time. The rules govern- 
ing sand bars are like the rules for the pronunciation the English 
language—there rnle without exception. 

Like Mr. Corthell, the speaker advocate dredging the 
channels alluvial rivers such way that the scouring action 
the water will aid the artificial forces. Scouring action alone, 
means training works, has not yet been found sufficient, and, 
the majority cases where dredging has been resorted to, has ac- 
complished the desired result. Contrary the general impression, 
dredged channel through sand bar not soon obliterated, but may 
exist for considerable time and survive flood season with only 
minor changes. 

the special method dredging which the author proposes, 
the speaker unable agree with him, with the opinion expressed 
Mr. Hering, that the slope the bottom will aid the movement 
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the sand. The speaker does not think that slope about ft. 
000 ft. enough any perceptible effect. The movement 
the sand along the bottom not due such inclination, because 
too slight. due the movement the water, and not 
like rolling down hill. fact, the section the cut thus pro- 
duced greater the lower end one would think would make the 
velocity less, and, consequently, the scouring the sand would 
less the lower than the upper end. There certainly will 
increased velocity the dredged cut, compared with the remainder 
the section the river, has been already noted. 

The author states that finds the power the centrifugal pumps 
the engines for driving the buckets the elevator part and those for 
driving the centrifugal pump are both shown being the same, and, 
presumably, are engines the The speaker’s experience 
leads him believe that the power for driving the centrifugal pump 
dredge this type should two three times that required 
drive the elevator chains and buckets. 

interesting observe the type river steamers illustrated 
the paper, and compare the practice with that the Mississippi. 
The practice Russian rivers separate entirely the passengers 
and freight, whereas, the Mississippi, most steamers carry both 
passengers and freight. The trim little passenger vessel illustrated 
Plate LIII* does not appear have any self-contained gangways, 
for approaching bank any point, which are such conspicuous 
feature the Mississippi boats. 

hoped that Mr. Maximoff will try his experiment and 
then give the Society the result. 


ments submitted the author show conclusively the wonderful 
growth inland navigation Russia the past decade, more par- 
ticularly the Volga, the principal river Russia. 

The author gives the detailed drawings the typical dredge now 
used the Volga, which proves machine, 
endless-chain bucket dredge with hydraulic attachments instead 
for disposing the spoil. Machines this type have done 
very good service past years, but were discarded some time ago for 
those better type, which are general use. Those the 
new type have greater capacity for work, given time, with lower 
operating expenses, and, the same time, with much lower expenses 
for repairs, that the unit cost doing work very much reduced. 

The writer refers hydraulic dredges the latest type, fully 
equipped with suitable cutting apparatus adapted encounter 
material all classes. 


Proceedings, Am. Soc. E., for October, 1903. 
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Table No. the dredges named Volgian and Volgian are Mr. Conte. 
hydraulic dredges with capacities cu. per hour. These, 

doubt, are the type the writer refers to, and natural 

suppose that each provided with full set cutters enable 

cope with material different classes. 

should mentioned that machines this class are sometimes 
limited their usefulness, because the fact that absolutely 
necessary have suitable dumping ground upon which place 
the material excavated. all river work, however, this dumping 
ground feature generally available, that this requirement 
always 

The writer was surprised not little note the high cost 
dredging the Volga, and, mention the character the 
material was made, the inference that was coarse and heavy. 
This view was not upheld, however, noting the flat slopes per 
mile, viz.: 2.8, 3.4 and 2.0 ins., respectively, and this precludes the 
possibility much heavy material. 

The average cost, 8.5 cents per cubic meter, together with the 
average contract-hour capacity, 337 cu. m., not speak very well 
for the efficiency the dredging fleet now use, but leave much 
room for improvement. 8.5 cents per cubic meter, 337 cu. 
would cost $28.65 per contract-hour, which seems excessive for 
grand average. With machines the latest type much better 
results are easily obtained. dredge, complete, every 
respect, and ready for active service, costs not more than $150 000, 
and can generally depended upon the work mentioned 
Table No. material different classes, the stated unit prices. 


TABLE No. 


Quantity 
Operating Cost per 
Character material. per month. repaiys per month, 
per month. cubic 
yards. 
Very hard sandy clay and 
ses 500 250 100 000 
uly 


Table No. submitted with the distinct understanding that 
only intended give general results; therefore, used with 
great deal discretion. course, ordinary every-day practice, 
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these different classes materials are nearly always intermixed, more 
less, which fact greatly facilitates dredging operations. For 
example, sand largely mixed interstratified with clay mud can 
easily dredged for cents per cubic yard. These conditions 
prevail river bars nearly everywhere, fact too often overlooked. 
the other hand, while clean sand works very well with moderately 
short pipe line, yet the difficulties multiply enormously when has 
forced through long pipe line. This due the fact that the 
sand separates from the column water and runs along the bottom 
the pipe with entirely independent flow its own. The water 
and sand, their passage through the pipe line, refuse mix. 
Increasing the speed the pump, which the mean velocity dis- 
charge increased, seems have little effect remedying the 
trouble. Both the foregoing facts affect the unit prices given Table 
No. quite materially, that each case all the existing facts and 
conditions must known before any comparisons can drawn. 

The writer was much impressed the author’s proposed scheme 
for dredging channels through river bars. The general custom 
America has been make the cut uniform width and depth, and 
locate where the axis the current seems settle for the season. 
The writer thinks that there much the suggestion advanced 
the author. Everything seems point that way. 
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This Society not responsible, body, for the facts and opinions advanced 
any its publications. 


THE BREAKWATER BUFFALO, NEW YORK. 


Discussion.* 


Tuomas Pirrs, Assoc. Am. Soc. (by letter).—The writer Mr. Pitts. 
draws attention the following points: 

the first place, the capping stones the stone break water appear 
and they are laid the rubble mound without other bond than that 
given the friction one block against another. Records ex- 
perience abroad show that when stone insucha pavement removed 
from its place the whole pavement goes pieces very rapidly. 
seems the writer that comparatively small movement either 
harbor- lake- side angle stones might disarrange the capping 
stones immediately above that they would torn out the waves, 
with the result that large section the pavement would stripped 
from the core; and would much interested know whether any 
indications such future mishap have been discovered. would 
also like know has been observed that the ice formation 
winter has had any tendency lift the capping stones from their 

the second place, the sections the breakwater (Fig. 22) show- 
ing the original section designed and the section after settlement 


This discussion (of the paper Emile Low. Am. Soc. E.. printed Pro- 
ceedings for November. 1903), printed Proceedings order that the views expressed 
may brought before all members the Society for further discussion. 


Communications this subject received prior February 27th, 1904, will 
published subsequently. 
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the portion which failed, have almost exactly the same area above 
the lake bottom. This, the writer’s mind, indicates, not that the 
rear portion the breakwater settled bodily into the soft clay bottom, 
but that slid toward the harbor side, removing the support the 
center section, which, course, then settled down. The sliding was 
probably started some slight settlement the breakwater into 
the clay, but, from the drawings, seems the writer that was 
probably more largely due insufficient mound retaining wall 
rubble the toe the rear slope, too steep slope the har- 
bor side the breakwater, and the use gravel the hearting. 
seems likely that the latter was very important factor the set- 
tlement, because gravel, account its form, does not pack 
solidly rip-rap rubble, especially when washed free from por- 
tion its matrix, must have been the case with this gravel, dredged 
from the bed the Niagara River. With regard the portion the 
breakwater first built, which settlement has taken place, its 
stability seems accounted for sufficiently the more solid foun- 
dation which has prevented the initial settlement under wave action, 
which settlement would start the sliding; and may be, too (it does 
not appear from the paper), that, under the part the breakwater 
which sank, the top layer clay softer, and the coefficient fric- 


tion therefore much less than under the older part which has remained 
intact. 


tory Buffalo Harbor incomplete without some description the 
celebrated Black Rock controversy. The writer possession 
letters, written DeWitt Clinton, Myron Holley, David Thomas and 
Benjamin Wright, relative this dispute; and these, supplemented 
the reports the Canal Commission and other official publications, 
throw considerable light the subject question. 

Along with the construction the Erie Canal came pressing need 
for suitable port the eastern end Lake Erie. The choice the 
terminus the canal lay between two places; one, Buffalo, and the 
other, Black Rock. These places were about miles apart. There 
were five principal projects advanced. The three least import- 
ance will mentioned first. The dispute, reality, lay between 
Projects and 

1.—This plan provided for harbor the lake where the line 
the main street Buffalo intersected the beach. The harbor was 
formed building pier westerly direction and then extending 
northerly parallel the shore. The width the harbor, from east 
west, was 000 ft. 

2.—It was proposed excavate the neck land near the ferry, and 


enter Buffalo Creek from the lake along the slip. This plan met with 
little favor. 
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3.—Another plan was construct harbor Black Rock 
building pier from Bird Island Squaw Island, thence Strawberry 
Island, thence the head Grand Island, and closing the opening 
between Grand Island and the eastern shore dam White Oak 
Bluffs. This plan, reason its enormous cost and the likelihood 
international difficulties, was soon abandoned. 

4.—The fourth plan differed from the third calling for the dam 
the lower end Squaw Island instead White Oak Bluffs, 
The north and south pier was ab. 500 ft. from the shore, and, 
the upper end Squaw Island, was meet embankment 
extending along the eastern shore this island the western end 
the dam. This plan was worked out James Geddes. the 
plan adopted finally the pier was built nearer the main shore. 
slight modification, and one which did not affect the embankment and 
dam already mentioned, was turn the pier, right angles with the 
shore, about 800 ft. north Bird Island, thence extend two- 
thirds the way across the east channel and thence right angles 
down stream the south end the embankment. pier built this 
manner would obstruct the flow the Niagara River greatly, and the 
modified plan was discarded. 

The Black Rock project met with considerable favor, and was 
championed General Peter Porter, citizen Black Rock, and 
his associates. They contended that case storm, harbor 
Black Rock would more easily entered than the one 
Buffalo, which will described later; that the canal would 
shortened considerably deciding favor Black Rock; that 
the harbor would much larger than the one Buffalo; and that 
hydraulic power immense value would developed. They main- 
tained that Buffalo Creek brought down the sand that formed the 
bar its mouth, and that Buffalo Creek was eminently unfit for 
sheltering place. 

The objection the Black Rock plan was largely account its 
excessive cost. was urged that case hostilities with the British, 
the harbor would useless long they held possession the op- 
posite shore; and that time winter the floating ice hurried along 
the swift current would demolish the pier. The prevailing winds 
would also interfere decidedly with the exit vessels attempting 
reach Lake Erie. Another objection the Black Rock Harbor arose 
from the fact that the bottom was rocky and afforded poor anchorage. 
was also argued that the protection Black Rock against the 
violence the waves was due the rapids the Niagara River; and 
that this advantage would partially lost should the harbor con- 
structed and the elevation the water surface Black Rock raised 
the surface elevation Lake Erie. Since, accordance with this 
plan, the canal was supplied with water from Black Rock Harbor, 
was thought many that would somewhat dangerous stake 


Mr. Lyle. 
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Mr. Lyle. the welfare the canal artificial, and some respects ex- 


perimental, construction. The work there would require much more 
time for its execution than that Buffalo, and the time element was 
very important one view the public clamor for the canal’s early 
completion. 

5.—A plan which did not thoroughly meet the approval the Canal 
Commission, but which was endorsed Governor Clinton and one 
the commissioners, provided for the development the mouth 
Buffalo Creek receiving basin which would both cheap and 
adequate. The plan was prepared David Thomas, who, 1820, was 
appointed Engineer the western section the Erie Canal, from the 
Genesee River Lake Erie, and who was continued Chief Engineer 
the same section resolution the Canal Commission passed 
March, 1822. From printed the Public Documents 
the New York Canals,” published 1821, are copied the following 
extracts: 


depth water Buffalo Creek sufficient for harbour. 
taking soundings almost the ferry (which mile from the 
entrance) the least depth observed was ft., and this only two 
places; but the common depth this stream from ft. 
About rods above the mouth Little Buffalo, found ft., and 
few rods within that part the entrance which obstructed 
sand, found injury this channel need apprehended 
from depositions either sand mud. 

breadth this creek, just above Little Buffalo, full 
rods; but rods above, the breadth only rods; and the calcula- 
tion two triangles, taken further the stream, the respective 
distances and rods, gave material difference. 

The shore bold, and very little the channel need occupied 
wharves. 

appears that after freshets this stream, the entrance 
deepened from ft.; but the common current sluggish 
permit the first gale drive sand and gravel into from the 
south. the obstruction navigation only originates from this 
simple cause, remedy equally simple will sufficient, and may 
found pier mole, heretofore proposed William Peacock. 
think, however, that both its position and construction should 
different. 

would propose commence the lighthouse, because 
there firm ground further north, and the work ought secure 
the rear. Thus, began half way down the point (which 
only loose bed sand and gravel), Buffalo Creek might break 
through between the pier and the lighthouse. the contrary, 
commence above that building, the entrance the creek will 
less protected from northwesterly storms; and this view will im- 
portant whether consider the entering vessels the drifting 
sand into the channel. appears that the direction the gale 
shapes the gravel point, its course William Peacock’s map 
varies considerably from its present position. 

reason for locating the pier above the lighthouse was 
founded misapprehension. There appearance sand 
gravel having ever been brought down Buffalo Creek.” 
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The foregoing report dated October 15th, 1819. Mr. Lyle. 
was Mr. Thomas’ plan commence the pier the lighthouse 

and extend North 70°, West The pier was made 

timber cribs; the substructure was round green logs filled 

with brush and gravel, and the superstructure squared oak timbers 

loaded with large blocks stone. 
letter Myron Holley, who was one the Canal Commis- 

sioners, Mr. Thomas writes: 


should deemed the best policy, notwithstanding, 
expend the funds the State making capacious harbour, and not 
wait years when may wanted, still Black Rock not the 
place for such expenditure. truth, the most preposterous 
location that could attempted. make harbour, worthy 
being known national work, the site south the Buffalo pier, 
originally selected Joseph Ellicott, unquestionably the best. 
expense not amounting one-half the Black Rock pier, 
harbour may formed the lake which shall twice capacious 
the anchoring ground enclosed that work.” 

argument favor Buffalo Harbor was its protection from 
storms and its freedom from ice. Mr. Thomas also urged that the 
water Buffalo Creek was much warmer the early spring than the 
water the Niagara River, canal navigation could opened several 
weeks earlier Buffalo Creek were made the terminus. This was 
afterward found the case. 

may interest consider Governor Clinton’s opinions con- 
cerning the Black Rock project. letter Mr. Thomas, dated 
July 25th, 1823, writes: 

Canal Board have adjourned to-day after affirming their 
former decision favor Black Rock. This has received decided 
opposition, and is, opinion, totally indefensible.” 

Again, June 15th, 1824, writes: 

decision favor Black Rock universally condemned, 
and whatever the motives may have been, the deed itself will stamp 
the authors with indelible blame.” 

Again, the 11th July the same year: 

respect the Black Rock Harbour (if artificially con- 
structed) never had but one opinion its merits—that will 
total failure unless least million dollars expended its con- 
struction. Time will verify your opinion, and there can doubt 


but that the men who have sanctioned this measure will repent 
their folly.” 
The Black Rock Harbor was built, but was decided continue 
the canal branch Buffalo. The Black Rock undertaking proved 
The pier suffered severely from the storms, and the harbor 
became choked with mud, has been described Major Symons’ 
report. After the completion the cana’, the Village Black Rock 
gradually declined and was soon overshadowed its more fortunately 


situated rival. 
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Mr. Hughes. 
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Esq. (by letter).—This very interesting and 
instructive. 

The character the clay, the cross-section the mound, and the 
damage sustained December, 1902, are matters great importance 
for future reference, and there are few points concerning them which 
the author has not yet made quite clear. 

Fig. shows narrow berme the harbor side, with slope 
below it, while Figs. and show steeper slope, and prac- 
tically berme. The slope, very near the natural slope 
rubble comparatively quiet water, and, taken connection 
with the steeper slope above it, would give, the absence 
ample berme, combination which, though stable under vertical force 
alone, cannot have much reserve safety withstand the resultant 
gravity and the force breakers, whether the latter considered 
acting the structure whole pressure transmitted through 
the water the interstices act individual stones the harbor 
slope. 

noted that the drawings show that the gravel hearting was 
built about its natural slope the harbor side. pile rounded 
bodies like pebbles, when subjected load top, tends flatten 
out; hence, this case, there would some horizontal push from 
the gravel against the rubble armor, lessening its stability. Again, 
unless the interstices the rubble very the water them 
will agitated such extent, when breakers are high the lake 
side, that the gravel, unless very coarse, will seek flatter slope 
running into, and possibly through, the armor. Any such movement 
the gravel would rob the superstructure its support, and the cap- 
ping stones, like straining beam truss, arch, would produce 
horizontal thrust, and the weaker abutment—that the harbor side 
—would the one yield. The paper does not state how coarse the 
rubble was, nor how fine the gravel. 

The author gives quotation, leaving uncertain whether not 
concurs all its statements, which said that ‘‘a length 
about 000 ft. sank into the clay about ft.,” and Fig. shows 
typical section before and after the damage. The second section has 
much area above the plane the lake bed shown the first, 
the loss the top being fully compensated the addition the toe 
the harbor side, thus proving, the drawings correct, that there 
was sinking into the clay, and that the deformation was due 
other causes. 

Considering the height the mound, the voids the stone and 
gravel, the buoyancy the water, and the distribution the press- 
ure over the wide base, the extra load the foundation due the 
structure less than ton per square foot. The author classified 
material dredged not far distant as. moderately stiff clay, and walls 
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deep trenches much steeper than not stated Mr. Hughes. 
whether the steepness was limited the character the material 
the mode dredging. either case, such clay would ex- 
pected bear random stone breakwater ft. high; hence would 
interesting know what comparison was found, borings 
otherwise, between and the clay along that part the breakwater 
which suffered damage, also how easily the range piles drove along 
the same line. 

Until the light the final discussion received, will seem 
the writer that the so-called settlement was deformation due some 
insufficiency the cross-section, and not any failure the clay 
foundation. 
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January 20th, 1904.—The meeting was called order 10.15 
M.; President Alfred Noble the chair; Charles Warren Hunt, 
Secretary; and present, also, about 300 members. 

The reading the minutes the meeting January 6th, 1904, 
was dispensed with. 
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Messrs. Trotter, Rood and Collier were appointed 
tellers canvass the Ballot for Officers for the ensuing year. 

The Annual Report the Board Direction and the Annual 
Reports the Secretary and the Treasurer* for the year ending 
December 31st, were presented, and, motion, duly seconded, 
accepted and placed file. 

The following were appointed members the Nominating Com- 
for two years: 


FREDERICK BROOKS ......... No. 


progress from the Special Committee Uniform Tests 
Cement was read the Secretary. 

motion, duly seconded, the report was received, placed file, 
and the Committee continued. 

The Secretary reported that the Board Direction had awarded 
the prizes for the year ending with the month July, 1903, ac- 
cordance with the recommendations the Committee appointed for 
that purpose, follows: 

That award The Norman Medal made; 

That The Thomas Fitch Rowland Prize awarded Paper No. 
The Filtration Works the East Jersey Water Company, 
Little Falls, New George Fuller, Assoc. Am. Soc. 
E.; 

That The Collingwood Prize for Juniors awarded Paper No. 
The Footbridge for Building the Cables the New East River 

The Secretary presented special report the Engineering 
Congress and the Society 

motion, duly seconded, the report was received and ordered 
placed file. 

The Secretary presented special from the Board Direc- 
tion the matter the appointment Special 
Concrete and Steel-Concrete.” 

motion, duly seconded, was carried two-thirds vote 
refer the matter the membership for letter-ballot. 

The Secretary presented the special report the Board Direc- 


*The Annual Reports the Board Direction, the Secretary and the Treasurer, 
may found pages the Proceedings for January, 1904 (Vol. XXX 


See page 55. 
Harby has since been elected Associate Member. 
See page 57. 
See page 58. 
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tion the action the Society the proposed Union Engineering 
Building.* 

The President made statement reference subsequent inter- 
view with Mr. Andrew 

The Secretary read from William Pickett, Am. 
E., reference the proposed Union Engineering Building. 

The adoption the following resolutions, offered the Board 
Direction, was moved, seconded and carried: 

(1) Resolved, That the Board Direction instructed issue 
letter-ballot, canvassed the Meeting the Society, March 2d, 
1904, the question whether this Society shall become one the 
Constituent Societies the occupancy and control the proposed 
Union Engineering Building, under the terms outlined the Joint 
Conference Committee. 

(2) Resolved, That should the votes cast favorable, 
the Board authorized proceed the matter, provided the exemp- 
tion from taxation the proposed building assured, and the 
interests the Society are otherwise fully safe-guarded. 

The Secretary presented the the tellers appointed 
canvass the Ballot for Officers for the ensuing year. 

The President announced the election the following officers: 


President, serve one year: 
Hermany, Louisville, Ky. 


Vice- Presidents, serve two years 


Curtis, Boston, Mass. 
Deyo, New York City. 


Treasurer, serve one year: 
Knap, New York City. 


District No. 1.—N. Lewis, New York City. 

District No. Philadelphia, Pa. 
District No. Chicago, 

District No. Marx, Stanford University, Cal. 


Mr. Croes and Mr. Cartwright conducted Mr. Hermany, the 
President-elect, the chair. 

Mr. Hermany addressed the meeting briefly. 

Adjourned. 

See page 99. 

page 60. 

page 61. 
§See page 84. 
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February 3d, meeting was called order 8.40 
Alfred Craven, Director, the chair; Charles Warren Hunt, Secretary; 
and present, also, members and guests. 

The minutes the meeting January 6th, 1904, were approved 
printed Proceedings for January, 1904. The approval the 
minutes the Annual Meeting was deferred until they are printed 
the Proceedings for February, 1904. 

Used the Railroad Commission Texas, Under the 
Stock and Bond Law, Valuing Railroad Properties,” was presented 
the Secretary, presented communication the subject 

The subject was discussed Messrs. Tait, Lavis and 
Coverdale. 

The Secretary presented communication from the St. Louis 
Engineers’ Club, inviting members the Society use the rooms 
the club during the St. Louis World’s Fair. 

Ballots for membership were canvassed, and the following candi- 
dates elected 


MEMBERS. 


Henry San Francisco, Cal. 
Henry New York City. 

Henry Lyon, Buffalo, 

Horatio Los Angeles, Cal. 


MEMBERS. 


Jay Bassett, South Chicago, 
SHERBURNE Orono, Maine. 
Harry Burrowes, Brooklyn, 
Epwarp New York City. 

ALFRED New York City. 
Duncan, Boulder, Colo. 

ALEXANDER Memphis, Tenn. 
New London, Conn. 


— 
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New York City. 

CLARENCE WARREN Kansas City, Mo. 
Harry Paterson, Colorado Springs, Colo. 
JAMES Cambridge, Mass. 
Amos New York City. 

CHARLES Bruce Scort, Pittsburg, Pa. 
Evans Spear, New York City. 
ALEXANDER Jr., Brookiyn, 
Vinton, New York City. 


ASSOCIATE. 


New York City. 


The Secretary announced the transfer the following candidates, 
the Board Direction, February 2d, 1904, from the grade 
Associate Member the grade Member 


MEMBERS. 


CUNNINGHAM, Portland, Ore. 


The Secretary announced the election the following candidates 
the Board Direction February 2d, 1904 


JUNIORS. 


Gomer Minidoka, Idaho. 
New York City. 

New York City. 

Henry New York City. 


The Secretary announced the following deaths 
elected Member May 2d, 1888; died Janu- 
ary 7th, 1904. 


Warp elected Fellow December 20th, 1872; died Janu- 
ary 10th, 1904. 
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elected Member October 7th, 1903; died 
January 25th, 1904. 

ALFRED elected Junior June 7th, 1882; Member January 
4th, 1893; died January 13th, 1904. 


Adjourned. 


February 17th, 1904.—The meeting was called order 8.40 
M., Past-President Alfred Noble the chair; Chas. Warren Hunt, 
Secretary, and present, also, 137 members and guests. 

paper James Brace, Assoc. Am. E., entitled 
Freezing Aid Excavation Unstable Material,” was pre- 
sented the author, and illustrated with lantern slides. 

written communication the paper from George Thomas, 
E., was presented the Secretary, and the subject was 
discussed further Messrs. Moran, Abbott, Kennard 
Thomson, Werner Boecklin, Campbell, Emil Diebitsch, 
Tait and Reed. 

The Secretary announced the following deaths: 

George Thompson Forest, elected Associate Member, December 
4th, 1895; died July 25th, 1901. 

Benjamin Burgh Smith, elected Member, November 7th, 1888; died 
February 7th, 1904. 

The Secretary made announcement relation the Inter- 
national Engineering Congress held St. Louis during the 
Annual Convention the Society. 


Adjourned. 
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THE BOARD DIRECTION. 


January 12th, 1904.—8.30 from January 
President Noble the chair; Chas. Warren Hunt, Secretary; and 
present, also, Messrs. Briggs, Craven, Croes, Knap, Kuichling, Osgood, 
Pegram, Schneider and Wilgus. 

The meeting was devoted further consideration the argu- 
ments for and against the joining this Society the proposed 
Union Engineering Building, for presentation the Annual Meeting, 
and statement was formulated and adopted. 

The following resolutions were adopted for presentation the 
Annual Meeting: 

Board Direction recommends the adoption the Annual 
Meeting the following resolutions.” 

Resolved, That the Board Direction instructed issue 
letter-ballot, canvassed the Meeting the Society, March 


2d, 1904, the question whether this Society shall become one the 
Constituent Societies the occupancy and control the proposed 


Union Engineering Building, under the terms outlined the Joint 


Conference 

Resolved, That should majority the votes cast favor- 
able, the Board authorized proceed the matter, provided the 
exemption from taxation the proposed building assured, and the 
interests the Society are otherwise fully safe-guarded.” 


The President was authorized appoint General Committee 
take charge the organization and management the International 
Engineering Congress. 

Charles Hermany, Am. E., was selected from the mem- 


bership the Society member The John Fritz Medal Board 
Award. 


Adjourned. 


January 20th, 1904.—The Board met during the Annual 
required the Constitution, Charles Hermany the chair; 
Chas. Warren Hunt, Secretary, and present also Messrs. Buck, Cra- 
ven, Croes, Curtis, Davison, Deyo, Ellis, Gowen, Jackson, Knap, 
Lewis, Mead, Modjeski, Noble, Osgood, Pegram, and Webster. 

The following Standing Committees were appointed 

Finance Committee: Deyo, Buck, William Wil- 

Publication Committee George Pegram, Alfred Craven, Joseph 
Osgood, George Davison, Hunter McDonald. 

Library Committee Nelson Lewis, Lewis, Ralph Modjeski, 
William Jackson, Chas. Warren Hunt. 

Committee Membership was also 

Mr. Hunt then retired. 
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Chas. Warren Hunt was unanimously elected Secretary for the 
ensuing year. 

Mr. Hunt, having been advised his election, returned. 

Messrs. Croes, Noble, and Craven were appointed committee 
act with the Secretary the preparation the letter-ballot and 
accompanying statements the proposed co-operation this 
Society the Union Engineering Building. 

The Secretary was instructed issue, soon possible, the Re- 
port Full the Annual Meeting, covering the discussion the 
proposed Union Engineering Building. 

The Secretary presented the present status the proposed Inter- 
national Engineering Congress, and new committee was appointed 
consisting all the members who had been appointed the Presi- 
dent the St. Louis Exposition, together with the present Publica- 
cation Committee the Society. 

Adjourned. 


February 4th, 1904.—8.30 Deyo the 
Chair; Chas. Warren Hunt, Secretary; and present, also, Messrs. 
Buck, Craven, Croes, Ellis, Gowen, Jackson, Knap, Lewis, 
Osgood, and Pegram. 

Action was taken regard members arrears for dues. 

letter was received from certain members the Society residing 
Brooklyn, making inquiries certain matters connected with the 
proposed Union Engineering Building. reply this inquiry was 
determined upon detail. 

The resignations Roscoe Jackson, Jun. Am. Soc. E., and 
Naylor, Jun. Am. Soc. E., were accepted. 

Applications were considered and other routine business trans- 
acted. 

Three Associate Members were transferred the grade Member, 
and seven candidates for Junior were elected.* 


Adjourned. 


See page 47. 
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REPORT FULL THE FIFTY-FIRST ANNUAL 
MEETING, JANUARY 2oth and 2ist, 1904. 


Wednesday, January 20th, 1904.—The meeting was called order 


10.15 President Alfred Noble the Chair; Charles Warren 
Hunt, Secretary, and present also about 300 members. 

minutes the meeting January 6th, 1904, 
accordance with the custom, will printed the January num- 
ber Proceedings, and come due course for action the 
meeting February 3d, 1904. view this fact, the reading the 
minutes will dispensed with, unless some call made for them. 

The reading the minutes will dispensed with. 

The Chair will appoint Tellers canvass the ballot for officers, 
Messrs. Trotter, Rood and Collier. The ballot 
does not close until twelve o’clock, noon, but order enable 
report made soon after the hour possible, the counting 
will proceed. The ballots will received twelve o’clock, and 
that hour the will declared closed. 


The report the Board Direction will presented the 
Secretary. 

The Secretary read the report the Board Direction.* 

motion, duly seconded, the report the Board Direction 
was received and placed file. 

THE report the Secretary. 

The Secretary read his 


motion, duly seconded, the report the Secretary was received 
and placed file. 


report the Treasurer, Mr. Knap. 
The Treasurer read his 


motion, duly seconded, the report the Treasurer was received 
and placed file. 

appointment the Nominating Commit- 
tee. accordance with the requirement the Constitution, requests 
have been sent out members make nominations for the members 
the Nominating Committee for each district. The Secretary will 
read for each district the result those requests. will then 
order for any member move the election any nominated. 

nominations for the First District are 
follows: 


District No. 1.—Total number votes received, 112; distributed 
follows: 


See Proceedings, Vol. XXX, (January, 1904). 
See Proceedings, Vol. XXX, (January, 1904). 
See Proceedings, Vol. XXX, (January, 1904). 
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The following have received one vote each: 

THEO. JAMES OWEN, 

Henry Epw. WEGMANN, 


motion, duly seconded, Albert Carr, Am. Soc. E., was 
appointed member the Nominating Committee for the First 
District. 

nominations for the Second District are 
follows: 

District No. 2.—Total number votes received, 75; distributed 
follows: 


The following have received one vote each: 


Henry 


motion, duly seconded, Frederick Brooks, Am. E., 
was appointed member the Nominating Committee for the Second 
District. 


Ineligible. 
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following are the nominations for District 
No. 


District No. 3.—Total number votes received, 25; 
follows: 


Van ALSTYNE........ 


The following have received one vote each: 


‘was appointed member the Nominating Committee for the Third 
District. 


nominations for the Fourth District are: 


District No. 4.—Total number votes received, 105; distributed 
follows: 


ScHERMERHORN 
THackray 
ATwoop 

Hunt 


The following have received one vote each: 


KENNETH ALLEN, Tuos. 


motion, duly seconded, Leonard, Am. E., was 


appointed member the Nominating Committee for the Fourth 
District. 


Ineligible. 
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[Society 
Tue following are the nominations for the Fifth 
District: 
District No. 5.—Total number votes received, 100; distributed 
follows: 


The following have received one vote each: 


CLARENCE COLEMAN, 
JULIAN 
Hanpy, 
Horton, 
Hunt, 


Cuas. 

SHANKLAND, 

Vaueun, 

WELLMAN, 


motion, duly seconded, Joseph Davis, Am. Soc. E., 
was appointed member the Nominating Committee for the Fifth 


District. 


Tue following are the nominations for the Sixth 
District: 


District No. 6.—Total number votes received, 71; distributed 


follows: 


The following have received one vote each: 


Warp 

Joun CAMPBELL, 

Crossy, 

Harry 

GARRETT, 

WINGFIELD. 


Hoover. 
Van 

OCKERSON, 


Ineligible. 
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motion, duly seconded, Nicholson, Am. Soc. E., 


was appointed member the Nominating Committee for the Sixth 
District. 


nominations for the Seventh District are: 


District No. number votes received, 32; distributed 
follows: 


The following have received one vote each: 


motion, duly seconded, Franklin Riffle, Am. Soc. E., was 


appointed member the Nominating Committee for the Seventh 
District. 


The report the Committee Uniform Tests 


The Secretary read the report the Committee Uniform Tests 


Mr. PRESIDENT, AND 
MEMBERS THE AMERICAN ENGINEERS. 


GENTLEMEN:—Since the presentation the Progress Report, the 
last Annual Meeting the Society, your Committee Uniform Tests 
Cement has continued its investigations the several matters 
referred this report. 

number laboratory meetings were held, which representa- 
tives from many the prominent eastern laboratories were present 
and took part the investigations which were made, 

accordance with the recommendations the Committee, 

(2) accordance with the operators’ usual practice. 

The results showed greater accordance when the operators fol- 
lowed the Committee’s methods than when each followed his own 
methods, and many cases the results obtained using 
the methods suggested the Committee were higher and more nearly 
uniform than those obtained when used his own. 


The results the year’s work, while not conclusive, are highly 
gratifying. 


*Ineligible. 
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The following changes the Progress Report your Committee 
have been considered advisable: 

Par. 31. Strike out the words grams” Cement,” and 
insert after the word determination,” the following: same 
quantity cement will subsequently used for each batch 
making the briquettes (but not less than 500 grams).” 

Par. 34. Strike out the paragraph and insert: Committee has 
recommended, normal, paste, the consistency which rather 
wet, because believes that variations the amount compression 
which the briquette subjected moulding are likely less 
with such paste.” 

Par. 46. Insert the end the clause: ‘‘Sand having passed the 
No. sieve shall considered standard when not more than one 
per cent. passes No. sieve after one minute continuous sifting 
500-gram 

Par. 70. Insert the end preservation air.” 

Par. 72. Insert the end ‘‘a similar pat maintained air 
ordinary temperature and observed intervals.” 

Par. 73. Strike out accelerated test ‘‘(a).” Committee’s 
experiments show that this test practical value within any 
reasonable period time. 

The following investigations are still progress: 

The effect magnesia (MgO) and sulphuric acid (SO,) the 
quality the cement, 

The effect drying the determination specific gravity, 

The value suggested changes the shape the briquette 
and the form the clips, 

The value the suggested methods for making the accelerated 
tests, 

The proper rate applying the load tension tests, 

The value more plastic paste for the neat cement tests, 

The formula for the determination the proper percentage 
water for mortars, and 

The substitution natural sand for the standard quartz. 

These investigations have not been completed, because, for the most 
part, they extend over long periods time. 

view the incompleteness this work, your Committee can- 
not present final report this time, and requests that 
continued. 

Submitted behalf the Committee. 

WEBSTER, 
Chairman. 
Committee: Secretary. 

WEBSTER, 

HuMPHREY, 

ALFRED NOBLE, 

CLIFFORD RICHARDSON, 

Lewis. 


Tue report the Committee before the meeting. 
What disposition shall made it? 


.the date for holding the Congress, that they will available for 
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was moved and seconded that the report received and placed 


file, and that the request the Committee that continued, 
approved. 


The motion was carried. 

Secretary will present report from the 
Board Direction the award prizes. 

The Secretary read the report.* 

motion, duly seconded, the report was received and placed 
file. 

Secretary will present special report 
the Engineering Congress and Society Convention. 

The Secretary read the following: 


Report Regard International Congress Engineering. 


The Society, announced the Annual Report the Board 
Direction, has undertaken the organization and management 
International Engineering Congress, held St. Louis, Mo., 
during the week beginning October 3d, 1904. 

The general plan and scope this Congress are follows: 

number engineering subjects have been selected, each, 
believed, live interest the present time. each these special 
subjects, engineer, especially qualified for the work, will asked 
prepare succinct review the development practice during the 
past ten years, and give brief summary present practice. 
least one such expert America will asked write each 
these subjects, and confine his paperto American practice. Experts 
other countries will asked contribute similar papers, covering 
foreign practice. 


The plan print, far possible, these papers advance 


those desiring discuss them. 
not the intention read any papers the Congress, but 
throw open each the subjects for further discussion. 
papers twenty more the subjects selected have 
already been received from American engineers, and the project has 
generally been received with much interest that believed 
notable contribution engineering literature will result. 
The acceptance the invitation this Society, for visit this 
country members the Institution Civil Engineers some time 
ago, has resulted arrangement which expected that 
large party British Engineers will arrive New York the latter 
part September, that, after visiting the Society its house, they 
may St. Louis during the Congress. 
addition this, engineers all other foreign countries will 


See Proceedings, Vol. XXX, (January, 1904). 
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invited join the Congress, and, the Convention this Society 
will coincident with the Congress, everything points toa very large 


attendance. 


was moved and seconded that the report received and filed. 

time that all these reports received and filed? 

Chair may venture assume that the 
desire the meeting. 

Mr. North’s motion, that the report approved and filed. 

better confine this subject, that the report received, 
approved and filed. 

The motion, being put vote, was carried. 

next paper may give rise some discussion, 
and the Chair would request that members, rising, for the benefit 
the stenographer, announce their names. 

The Secretary will present special report from the Board 

and Steel-Concrete.” 
The Secretary read the report, follows: 


the Board Direction the Matter the Proposed 
Concrete and Steel-Concrete Committee. 
the Annual Convention, June 11th, 1903, the following resolution 
was adopted: 
the sense this meeting that Special Committee ap- 
pointed take the question concrete and steel-concrete, and 
that such committee co-operate with the Association for Testing Mate- 


rials, and the Railway Engineers’ Maintenance Way Association, 
which also have committee this subject.” 


the regular Business Meeting the Society, September 2d, 
all the necessary preliminary steps were taken, and the matter 
was referred the Board Direction, under Article VI, Section 12, 
the Constitution. 

The Board Direction now presents the proposition for the ap- 
pointment such Committee, recommending letter-ballot upon it, 
and presents herewith arguments for and against such appointment. 


ARGUMENTS Favor. 


1.—Concrete when used either alone combination with steel 
presents many advantages over other materials that will soon 
used the greater part engineering This already 
the case Europe. 

2.—The results tests, the present time, made the 
various laboratories this country, indicate that unless all tests are 
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made under exactly the same conditions comparisons are possible, 
and therefore the results are doubt. 


3.—The use this material should guided Committee 


this Society. Conclusions reached such Committee would carry 
greater weight this subject than those any similar Committee 
from any other engineering society. 

4.—Similar Committees have been appointed the Railway En- 
gineers’ Maintenance Way Association, and the Association for 
Testing Materials, and the co-operation these and similar Commit- 
tees with Committee this Society, would add strength its 
conclusions. 

ARGUMENTS AGAINST. 


1.—The subject very comprehensive one, and, properly 
carried on, represents great deal work. 
2.—Experience has shown that several cases Special Committees 
report engineering subjects have been appointed, and have been 
for years without having accomplished anything, made 
final and conclusive report. Unless, therefore, there strong de- 
mand for the report Concrete and 
Steel-Concrete, demand which would indicate prospect actual 
accomplishments, should not appointed. 
order the Board Direction. 
WARREN 


Secretary. 
JANUARY 1904. 


the motion seconded? 

Past-President, Am. Soc. E.—I second ‘the 
motion. order send question out letter-ballot presented 
that form? 


THE the Secretary read the requirements the 
Constitution? 

The Secretary read Section 12, Article VI, the 

order. Are there any remarks the motion? 

This vote requires the corporate members 
The will therefore request the corporate members 
present, who are favor the issuing this ballot, rise. 

The Secretary announced 145 voting the affirmative. 

The President declared the motion carried. 

Secretary will read the special the 
Board Direction the action this Society. on. the proposed 
Union Engineering Building. 

The Secretary read the special 


This report has been issued all corporate members. 
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the statement the 16th inst. regard- 
ing the project for Union Engineering Building was issued the 
Board Direction, further development great importance has 
occurred, which duty lay before this meeting. This action is. 
not merely own determination, but concurred and insisted 
all the members the Board Direction with whom has been 
possible consult. Through the initiative the Joint Conference 
Committee, composed representatives the five organizations 
named Mr. Carnegie’s original offer, interview was hud with Mr. 
Carnegie his residence the evening the 18th inst. This was 
attended the part the organizations one representative from 
each, the American Society Civil Engineers having been represented 
me. was represented Mr. Carnegie that preliminary plans 
the proposed building, based estimates space required, submitted 
for the several organizations, showed that the amount named him 
his original letter gift— $1009 000—would not adequate for the 
purpose intended, and approximate estimates cost suitable 
building were submitted, whereupon added the following words. 
his original offer: 
18, 1904. 

Your plans for all the Societies show greater sum needed. 
make one and half millions. 

(Signed) ANDREW CARNEGIE.”’ 

certified copy the original offer with the above paragraph 
appended herewith submitted the files the Society. 

Early the conference Mr. Carnegie showed great interest and 
anxiety the probable action this Society, expressing the 
that, readiness co-operate, Americans excel all other nationalities, 
and hence their work more effective; the hope that this Society 
would decide co-operate great majority, and not mere 
numerical superiority, and the strongest desire provide suitable 
home for the whole engineering profession. The idea complete 
co-operation was constantly his mind, and frequently recurred 
essential the carrying out his project. suggestion that 
the details should proceeded with vigorously, demurred, saying 
would necessary ascertain first whether the American Society 
Civil Engineers would accept, and repeated reference, made 
clear that anticipated the acceptance all the organizations, and 
allowed uncontradicted the inference that only the acceptance all 
five organizations would make the offer effective. Among other ex- 
pressions one was particularly pointed; that this Society should 
decline come into the project, would have his hands the five 
lots purchased for the Engineering Building, but did not con- 
sider this investment serious matter. 

The conference some detail because indicates 
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important difference the status the project from that heretofore 
supposed the Board Direction, which its statement has been 
predicated. The Board has had ample reason believe that Mr. 
Carnegie would provide for the other organizations even this 
Society its best interests required stand apart; 
and not doubted that such was Mr. Carnegie’s idea one time. 
Now, however, clear that his offer should taken exactly 
written all the organizations and not part, these organiza- 


tions being the four National Engineering Societies and the Engineers’ 
Club. 


notintended convey the idea that Mr. Carnegie, either 
this conference previously, stated that would with- 
draw his offer this Society should not join the acceptance, but 
left the fear that the non-acceptance any one would result 
withdrawal the offer. 


Tue President, have letter which was written 


very old member the Society, with the intention that should 
read this meeting this time. 


Secretary will read the letter. 
The Secretary read the following letter: 


Fort 


1904. 
Mr. CHARLES WARREN 


Secretary, American Civil Engineers, 
220 West 57th St., New York City. 


Str: the decision the Society will probably made 
its approaching Annual Meeting the 20th January, its 
acceptance not the proposition that great philanthropist 
Andrew Carnegie, desire briefly express views. 

the subject now understood, Mr. Carnegie stands ready 
donate oné and half millions dollars for the erection suitable 
building New York City for the joint Headquarters The Ameri- 
can Civil Engineers,” The American Society Mechanical 
Engineers,” American Society Mining Engineers” and the 
Engineers’ Club purely social four distinct Corporations. 

decidedly opposed the acceptance this offer the 
American Society Civil Engineers for the following considerations: 

From its inception, something over fifty years ago, few Civil 
Engineers resident and around New York City (the names James 
Laurie, Charles Copeland, Julius Adams, Alfred Craven, 
James Kirkwood and Robert Gorsuch are now recalled), the 
break our war between the States) membership nearly three 
thousand the present time. Its membership embraces, practically, 
all the leading Civil Engineers this Country. Its professional 
papers, issued monthly, will compare fayorably point ability 
with those any similar society, and, Society, its commanding 
influence, is, all odds, the leading Society Engineers the 


Western Hemisphere, the British Institute Engineers the 
Eastern Hemisphere. 
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its progress has been phenomenal, much more rapid than 
either the British Institute the leading French Society for 
similar length time (as per report our Secretary), its progress 
was retarded twelve and half years the advent that bloody 
conflict between the States, from 1860 1865 (which has immortalized 
the American Soldier). The smoke that conflict had not more than 
cleared away ere the Members our Society resident and around 
New York City (the names given the beginning this article being 
conspicuous) took steps gather together the remnant the Society, 
preparatory its resuscitation Oct. 2d, 1867. The Society was 
reorganized, all the old members either section the country were 
notified, and its onward progress was commenced. Since that date 
its growth membership and influence had been phenomenal. From 
membership about 1867, has increased neariy 000 
the present time, membership that for high professional character 
and ability not exceeded any similar society the world. 
going the number monthly applications for membership, 
few years the number will increase names, the Society 
desires. Its income will increase proportionately. present 
sufficient for the monthly publication professional papers that are 
immense benefit non-resident members, especially younger 
members, and causes them take personal interest and pride the 
Society. 

member, who, the writer, may have visited the dingy and 
badly lighted quarters the Society William Street late 
1875, and compares them with the modern, elegant and commodious 
quarters 220 West 57th St., apt conclude that the Society, 
yet, needs more suitable quarters. 

For reasons outlined above, earnestly oppose the offer Mr. 
Carnegie, coupled with kind partnership with other socie- 
ties, however worthy their object however high the character 
their membership. ‘The Mechanical Engineers and the Mining En- 
gineers might well domiciled the same building. The American 
Society Civil Engineers should, all means, have separate 
building. ten fifteen years very large building may needed 
for library room and its other wants. present, seems me, 
need more commodious quarters. the time larger quarters are 
needed, way will pointed out obtain them. sure the 
great philanthropist, Andrew Carnegie, will appreciate the reasons 
for our declining his offer (should that the decision), and may 
would agree divide the donation for each Society. Should 
the amount sufficient for greatly enlarged quarters, should 
accepted. Mr. Carnegie has set such pace, for the men great 
wealth, liberal donations works charity and education that, 
should the last suggestion, there will found 
others who would consider they honored themselves well the 
cause science donation such amount and with such condi- 
tions would acceptable the 

have been Member the Society for more than fifty years and 
classed among the your report, and with 
Mr. Meyer and the surviving members that class. has been 
misfortune engaged life far from Headquarters have 
attended only few the Annual Conventions participated the 
benefits the Society, except thro’ its publications. have always 
taken deep its welfare and have been the means getting 
good many new members. 
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Now, the decline life, feel deeper interest than ever, and 
hope views given above will the views the Society. Iam 
sure that, could the founders the Society consulted, they would 
coincide with views. 

Very truly, 
ILLIAM PICKETT, 


July 6th, 1853. (Applause.) 


order bring the recommendation the 


Board before the Society this stage, the Secretary will read the 
resolutions which they have recommended for adoption. 
The resolutions were read the Secretary follows: 


Resolved, That the Board Direction instructed issue 
letter-ballot, canvassed the meeting the Society, March 2d, 
1904, the question whether this Society shall become one the 
Constituent Societies the occupancy and control the proposed 
Union Engineering Building, under the terms outlined the Joint 
Conference Committee. 


(2) That should majority the votes cast favorable, 
the Board authorized proceed the matter, provided the exemp- 
tion from taxation the proposed building assured, and the inter- 
ests the Society are otherwise fully safe-guarded.” 


was duly moved and seconded that the resolutions offered 
the Board adopted. 

subject now before the meeting for 
discussion. 

Am. Soc. E.—Mr. President, move that 
the Board requested send out with this ballot statement 
the effect that the members here present—a majority the members 
here present—are not favor accepting the proposition. 

The motion was duly seconded. 

the importance the Society this question that comes now 
before us, view the marked influence may have, would move, 
sir, that nothing comes from any man the floor whoisnot member 
the Society. want cut out all outside discussion representa- 
tion. may have: presented us, lawyer, specious argu- 
ments and such representations will befog us. Now, are here 
for business; want consider this calmly, quietly, and for the best 
interests the American Society Civil Engineers. 

non-resident member, may have strong feelings the mat- 
ter. don’t want, stage the game, second the motion. 
want wait little while until have had opportunity be- 
come educated the subject. man will farther than will 
respect Andrew Carnegie. the same time, are child 


Tue Pickett was elected Member the Society 
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born, are walking, have grown from nothing almost what 
are, and still can grow without any outside assistance. (Applause.) 

one the old veterans this Society, can remember when 
there were somewhere about 275 its membership, and now have 
somewhere about 000. have grown with it, and the future 
still will grow and have our own home, and not have half interest. 
want the whole thing. are the whole thing. Without 
any wish speak against the other societies, favor all the 
engineering societies the land. the same time, cannot in- 
clude these other societies, estimation, without detriment 
the American Society Civil Engineers. (Applause.) have 
recognition Europe and all over the world. That our member- 
ship, and are second none, and want preserve that. want 
that the American Society Civil Engineers shall not kinder- 
garten and have subscriptions keep up. 

Now, mind, don’t misunderstand me. not saying one word 
against Mr. Carnegie’s donation. What has done has been done 
grandly. the same time, when his donation includes these other 
societies and club, draw the line. belong tothe Engineers’ 
Club, but not supposed that this Society, made 
world-wide membership, shall have through the portals 
Engineers’ Club get into the Society. take everything. 
Our Constitution wide enough and broad enough take any 
man who has the requisite qualifications. all well enough have 
these sub-societies, but how long would be, you got into this 
thing, before our little quarter interest the executive board that 
corporation would have give way preponderance the others, 
and would nothing? That appears me. Now are 
all here, let every man give his true opinion these things, without 
any bias. Keep ourselves. make that motion, that man 
allowed address this Society unless member the American 
Society Civil Engineers. 

The motion was duly seconded. 

Chair hardly thinks necessary put that 
question vote. The feeling the membership unmistakable, 
and the Chair will undertake see that the debate confined the 
membership the Society. one else desired speak. 

The question upon Professor Ricketts’ amendment, adding 
additional clause the resolution proposed the Board. 

explanation regard the exemption from taxation. not un- 
derstand that question. you understand what the method 
this Society being exempted from taxation case they decide 
take the new location? 

Mr. President, want know now what are 
called upon vote the present time. There seem two 


7 
| 
4 
| 
| 
| 
| 
| 


Affairs. REPORT THE ANNUAL MEETING. 


resolutions offered the Board Direction, and two additional 
resolutions. What are called now vote first? 

question upon the adoption the amend- 
ment offered Professor Ricketts. Will Professor Ricketts state 
his amendment? 

order. point order that Mr. Ricketts’ motion out 
order. How can vote notify the Society large that 
has voted against now, not see. (Applause.) 

Chair decides that the amendment offered 
Professor Ricketts germane. 

Mr. move amendment that motion, then, that 


the Society also sends out, case the majority favor it, that 
fact also. 


The motion was duly seconded. 

Am. Soc. E.—I move that the vote 
Professor Ricketts’ amendment the expression the Society. 

seems this motion Mr. Ricketts ill- 
timed. think would great deal better, and you would have 
the matters facilitated and made plainer you would withdraw that 
for the present, and let the vote upon the original motion, and 
then, afterward, better time make that motion. 

will withdraw the motion. 

Mr. withdraw amendment. 

Presipent.—The question the adoption the resolutions 
recommended the Board. 

Mr. Chairman, sometimes arguments are made 
orally and sometimes they are made physically. Some those are 
very unpleasant. There argument now favor new Society 
house presented the occupancy this room audience 
ciently large and have cries from the rear Louder.” 
This the Annual Meeting the American Society Civil Engi- 
neers held 1904, whose commodious quarters are not sufficiently 
commodious take them in. This American Society Civil Engi- 
neers, under its Constitution, can not only receive members the 
members all the other bodies that have been addressed Mr. 
Carnegie his letter, but there are three four more that the Con- 
stitution embraces, all whom are eligible for membership this 
Society, carried out the original idea the Society, and think 
that are doing far can, and that are continue 
doing it. would have place where all them could come, and 
where all them could have room, whether Mr. Carnegie the gen- 
tlemen themselves furnish the necessary funds provide the house 
provide the land. 

this Society met properly, would meet with all engineers who 
are civil engineers, whether they are compelled circumstances 
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that have before to-day not the question altogether whether 
are going hold ourselves good are, being representatives 
the American Society Engineers, whether are not 
going swallowed one our smaller subdivisions who 
really belongs ourselves, and whose honor ourhonor, because 
happen the same building with them. Every argument that 
was made against this motion to-day, presented the report 
the subject, strong and decided piece pessimism anybody 
can find. What it? only question whether are going 
get broke because somebody else will; because somebody brighter 
than are, will put down Europe, that when there 
will say, not Civil Engineer, don’t belong the 
Society Civil Now, that your pessimism! 

Now, this Society going follow the general line 
American progress, will get the path optimism. (Applause.) 

The first Society house, William Street, was not the Society 
house lot pessimists. The Society house proposed Thirty- 
ninth Street not Society house pessimists. Mr. Andrew 
Carnegie, himself, not pessimist. debated this question 
amalgamation long ago; was always favored, always favored and 
always voted down. And what are doing now? are still de- 
bating that same thing and favoring it, some us, some the 
extent 500 000, and there already motion before the house 
that the notice that has been voted down shall sent out. be- 
lieve, Mr. Chairman, that have Society house which Ameri- 
can civil engineers, whether they are called mechanical civil 
electrical, whatever they are called, long they are engineers, 
that the engineering body will strengthened. believe are all 
engineers and brothers, and believe that this project have the 
brothers live together one house good for all, and any time 
decided that the quarters provided are too small, the value that. 
house will build one four times large and one where they can get 
away from these high buildings. And club that awful, 
the way, you have got into that social club with jimmy, 
from all that can learn. 

are going have lot arguments, and are going have 
men here who want sit down this because they love this Society 
somuch. say they love this Society baby, and fool, and 
good you cannot love this Society connection with other en- 
gineering societies. And say the stronger are view our- 
selves here, the stronger and better will appear when viewed 
connection with the others that don’t think are good. be- 
lieve our Society. believe there never was any other society 
any other house, and even didn’t have house all, would 
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great engineering society, but feel that should follow 
the path progress. Engineers, whose organized effort the secret 
success, ought organize themselves they would have the force 
and momentum numbers when they wanted accomplish some- 
thing engineers, and not the beck any man who will give 
$75 month, and their profession they will get ten times that. But 
are afraid somebody will belong that could not belong our 
body. They not. And will all the more noble, embracing 
them all. 

this argument, this very interesting paper that has been read pro 
and con, they lay entirely too much stress and weight the manage- 
ment the Society, though this Society were lose its autonomy. 
This Society will just the same always has, and will ahead 
and publish the most valuable papers civilengineering. only 
question tenancy that coming before us. does not seem 
though hurt the Society the standing the Society. 
only whether shall accept present 500 000, our pro- 
portionate part that, and only whether shall the front 
ranks progress and co-operation. Now, scientific men the 
United States stand for co-operation, and one the greatest 
glories our country that there rivalry and niggardliness 
about our giving the world the results our investigations. And 
must acknowledge, that, advance this Society has, and increase 
membership has, the brilliant, the stirring and the phenomenal 
things that have been done engineering have not all been done 
this Society, and, possibly the last two years, the other societies 
have eclipsed the world scientific discoveries. 

think that this Society, the interests the Civil Engineers, 
would committing great error decline this offer, which think 
only strengthens the Society—in way weakens loses its individ- 
uality. (Applause.) 

Mr. President, rise point order. This whole 
discussion not germane the question issue before the Society 
just now, which is: Shall the Board Direction submit this 
letter-ballot? Get that out the way, then can have resolu- 
tion that the sense this meeting that the offer should 
accepted, vice versa, whichever way you make it. take the 
affirmative that. get the sense the meeting, want get 
the affirmative sense, don’t want get the negative sense, but 
want get first the proposition: Shall this matter sent out 
letter-ballot? And the first. resolution offered the Board Direc- 
tion the one that wants acted upon without amendment 
Shall this sent out letter-ballot?. That the question before 
now, and after decide that, the rest comes. 

(Cries 
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Chair will have decide the point order, 
and requests the members limit their remarks the question before 
the meeting, that is, the adoption resolution direct the Board 
Direction submit the question letter-ballot. 

those resolutions are sent out, they are 
ordered sent out, either that time earlier, will there sent 
out part the information the members vote upon, that 
portion the remarks made the President this morning, adding 
the statements covered the meeting the 18th, understand it, 
January December, have forgotten which; and further, would 
there opportunity add the discussion, either written 
orally, that can sent out? 

matter can met motion instructing 
the Board Direction that after the vote taken this 
resolution. 

Curtis, Am. Soc, E.—I offer amendment that 
require two-thirds vote and not majority vote. 

Mr. That the second resolution the Board. are 
voting one resolution time. 

question the adoption the two resolu- 
tions recommended the Board, and the amendment offered Mr. 
Curtis. The resolutions, far, have been considered coupled to- 
gether. Mr. Curtis’s amendment the second resolution that 
should substitute for the word the words two 
The motion will then read, Resolved, that should two-thirds the 
votes cast favorable, the Board authorized 

move that the Society now take vote upon the 
first resolution, afterward proceeding consideration the second 
resolution. 

The motion was duly seconded. 

Tue there objection, the first resolution now 
before the meeting. 

Am. Soc. E.—The adoption the first resolu- 
tion sending out the second resolution, would depend what 
the second resolution going be. the amendment the 
second resolution order. 

resolution there, divided into two paragraphs, but all one resolu- 
tion. The sending out the letter-ballot made dependent upon 
conditions expressed the second paragraph. 

first resolution provides for the out 
letter-ballot the question whether this Society shall become 
one the Constituent Societies the occupation and control the 
proposed Union Engineering Building. The second instructs the 
Board how proceed case the first resolution adopted the 
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membership. The Chair the opinion that the question 
divisible, and rules. The question before the meeting, then, 
the adoption the first resolution. 

The adoption the first resolution, being put vote, was 
carried. 

question before the meeting now the 
amendment the second resolution, strike out the words 
majority,” and substitute the that the 
resolution will read: 


two-thirds the votes cast favorable, the Board 
authorized proceed the matter, provided the exemption from 
taxation the proposed building assured and the interests the 
Society are otherwise fully safeguarded.” 

Am. Soc. E.—Mr. President, why insist 
sending out that two-thirds less than two-thirds 
vote matter? are body intelligent men, and you are 
going send the ballots out our equals throughout the country, 
also intelligent. Why not, then, tell them what this meeting does? 
majority favor, majority against, the resolution. Why 
not say the purpose confining the statement our 
absent members that two-thirds did this and two-thirds did that? 
(Applause. 

Tue Chair some doubt whether the gentle- 
man who last spoke understands wholly the question. The question 
the adoption one the resolutions proposed the Board. 
The question the amendment that resolution. 

Mr. what objecting to, sir. 

Am. Soc. E.—I call attention the fact 
that this meeting has right say that, order pass any matter 
affecting the interests this Society, shall require two-thirds 
vote. (Applause.) 

Am. Soc. E.—Is there anything the Con- 
stitution our Society which enables the Annual Meeting deter- 
mine how much vote the membership large shall carry the 
projected proposition? 

whatever the Constitution. are 
advised counsel that this meeting, any meeting, the Board 
Direction, the Society whole, can act upon, adopt decline 
enter into this project. think that covers the right this 
meeting prescribe two-thirds vote chooses, and the Chair 
would rule. 

Am. Soc. E.—Aside from the right wrong, 
reference the two-thirds vote, seems that entirely im- 
proper that the members here present should undertake say 
those the vast constituency who are not here present, and who are 
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entitled just much voice this matter are, that should 
require two-thirds vote pass this measure, any other measure. 
measure this kind require two-thirds vote, should say 
that that question itself should first submitted every member, 
that might say whether two-thirds were required not. (Ap- 


proper enough that this assemblage members 


should express its sentiment one way another this any other 


proposition, but surely not proper that should undertake 


tie the hands and the voices every other member whois not present, 


which least six seven times the number that are here. 

Mr. not make it.a seven-eighths vote well 
two-thirds vote? Now, they might just well. that 
politics, you know. can see through it. think can trust the 


‘Society the majority. threé little tailors ‘Pool Street 


undertaking dictate the large membership the Society. 
majority always governs, and would suggest that the parties asking 
vote should say seven-eighths The majority 
governs. That politics, Tammany and everywhere else. 

Mr. President, Gentlemen the Society: 
acknowledged rule all deliberative bodies and all 
that unless otherwise the organic laws the organiza- 
tion, majority the interests Now, there are some 
particular measures designated the Constitution which require 
two-thirds vote. Upon all measures this kind the Constitution 
absolutely silent, and following the law that under 
such circumstances, this meeting, and not only this part the mem- 
bership the Society, but every member the Society were here, 
the meeting would have authority whatever that 
two-thirds vote should required. 

order. say that seems contradictory parliament- 
ary usage for majority less than two-thirds prescribe two- 
thirds vote. 

Tue President, may interrupt the meeting one 
officers closed. 

the ballot for officers Society 
closed. 

Mr. Curtis. President, this something vital importance. 
This something which requires give our home, give 
withdraw the amendment. 

Tue ‘Chair understands that the amendment 
-withdrawn, and the question then recurs upon the adoption the 
second resolution. 
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would the status, provided the Society voted its favor, 
given this first resolution, that this Society become one the 
Constituent Societies the occupancy and control the proposed 
Engineering Building under the terms outlined the General Con- 
ference Committee—then was found the building was not 
exempted from taxation, where would the Board Direction be? 
seems that the resolutions worded would leave the Board 
Direction under direct orders thing, and yet the second reso- 
lution leaves their judgment.as whether they ‘should 
not. 

qualify the first, and that the Board Direction, case unfore- 
seen obstacles the nature referred the resolution, 
would empowered delay proceedings. 

President, may interrupt once more, the 
interest the record, ask each gentleman when gets 
speak, will announce his name. very difficult keep track 
those who speak, and may necessary get report this 
meeting out very quickly, and order accomplish that, every 
gentleman will announce his name gets his feet, will 
help very much. 

question, before this put vote, and that the question the 
status the Engineers’ Club with reference the would 
like ask the President whether the question came up, the meet- 
ing with Mr. Carnegie, the segregation the Engineers’ Club 
from the Union Building. 

did not. 

Mr. there nothing advise the Society 
whether Mr. Carnegie would agree the segregation the building. 

matter has never been discussed with Mr. 
Carnegie any way knowledge. 

Assoc. Am. Soc. E.—Mr. President, whatever 
determined this matter will largely done those outside 
those present to-day, the vast majority being the outside members. 
seems this vote ought state, not merely that the major- 
ity voted not call for two-thirds vote, but make the statement 
what proportion the Society voted for change the new build- 
ing, and what proportion did not. had mind ask, when 
Professor Rickett’s motion came forward, that amended that all 
letters from the older members regarding this. building sent out, 
also, with the letter-ballot. And seems that the vast 
majority the outsiders really with the house, except 
very occasionally, that taken the men New York 


| 
q 
my 
] 
> 
_ 
4 


REPORT THE ANNUAL MEETING. 


and the older members, who are particularly conservative, should 


Propos 
Union 
Engineering 
Building 


large measure govern their vote, and for that reason move, when 
this vote taken, that the action this meeting designated, and 
that some idea what proportion the votes cast were favor 
the proposition, stated. 

(Cries 

question the passage the second 
resolution. 

being duly put vote, was carried. 

Stern, Am. Soc. move the following, that 
there issued with the resolution, the ballot, the 
Board Direction, statement the conditions required for member- 
ship the American Society Mechanical Engineers, the American 
Institute Electrical Engineers, the American Institute Mining 
Engineers, and also statement their present financial condition. 

The motion was duly seconded. 

Mr. not embody also that the conditions and 
requirements the Engineers’ Club? (Applause.) 

want ask whether any recognition has been made 
the Society Mr. Carnegie’s offer. 

THE Yes. 

Mr. the last speaker will include the Engineers’ Club, 
would like second that motion. 

Mr. accept that. 

Mr. President, there anything this matter 
before which includes the Club? understand, Mr. 
Carnegie did not address the Engineers’ Club his communication, 
did he? 

Presipent.—He did. 

Am. Soc. E.—I hope that last motion will 
not think should proceed this line. hope the gentleman 
will withdraw that motion. don’t want work and in- 
vestigate the financial condition brother societies. doubt they 
are all right, are. hope that will withdrawn, because 
amount anything, and only makes trivial matter the 
whole thing. 

Mr. that not any importance? are going 
make them our partners. Don’t you inquire into the standing your 
partners? are going give the property into the hands nine 
directors representing them, and only have three. Are going 
without examining the standing our partners? No. 
want know the standing the people going put this prop- 

erty into the hands of. When are going into this and have only 
three votes their where are owners? Why shouldn’t 
examine into it? 
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Mr. —Mr. President, seems that the propositions 
covered the last motion are abundantly provided for the resolu- 
tion already passed, which says that the interests the Society are 
otherwise wholly safeguarded, and see reason why this Society 
should publish broadcast its own members, and thereby other 
people, what our views may what the apparent condition our 
sister societies is. the Board Direction abundantly able 
take care that phase the question for us, and see reason 
why this Society should run the risk arousing the enmity which 
must necessarily aroused the sending out such documents. 
can only looked upon the other Societies slur upon their 
methods doing business, their less fortunate condition. 

Mr. called for examinations, under the Civil 
Service rules the State New York, for positions the State En- 
gineer’s Department, numbering 240. find the newspapers that 
400 applicants have applied the Civil Service Commission take 
those examinations. are proposing spend $101 000 the 
construction barge canal through the State New York. You, 
gentlemen, are familiar with the amount money being spent this 
great city for public works. think stands hand weigh 
this matter carefully, basing our action broad foundations pre- 
sented Mr. O’Rourke here to-day. think that, these other 
Societies that have been mentioned are poor financial condition, 
the future will provide for the American Society Civil Engineers, 
that they are unfortunate have drop out this build- 
ing can take and carry it. To-day have membership 
something like 000, told. the proportion that get 
applications under the Civil Service, only short time before our 
membership will 000. Now, should look this thing 
broad light, think that our friend the rear the hall 
ought withdraw his motion. think our friends are not 
prosperous are, that they should not shown the world.” 
have nothing afraid of. think that this matter should 
receive the careful attention this meeting to-day, and think 
well that the action this meeting should out other members 
who are not present. But the financial condition our less 
fortunate friends, seems me, great mistake. (Applause.) 
Mr. resolution offered that form merely bring 
out all the facts the case, that they should submitted the 
judgment the members this Society. Statements have been 
made the circular issued the Board Direction manner 
suggesting that the financial condition these different Societies was 
not good, was not sound. therefore have moved this resolution 
simply bring out the facts. The financial statements all these 
Societies are public property. simply means that they compiled 
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and issued with the letter-hallot. have take exception the 
remark one gentleman who stated that this was not serious 
motion. wish assure the gentleman that the motion has only 
serious purpose. are here pass very important question, 
the members this Society certainly should presented with all 
the facts. 

Mr. take exception the statement that the report sent 
out the Board insinuates anything against any the other societies. 
say nothing against the other societies, and not wish to. 
think, sir, that the publication sending out statements our 
members the financial standing these other societies 
will reality making public, and think should avoid that, 
and not think called for any way, shape form, and 
hope that motion will voted down. simply say wish take 
into account and investigate the whole matter thoroughly eventually, 
and the Board proposes that under this resolution. That will 
not neglected all, but this manner doing not think 
advisable. 

Mr. President, seems that this matter 
would quite cleared could get answer one question 
here—I mean this financial matter. there anything this propo- 
sition, this business that compels merger the financial 
conditions all these four societies when they come together, 
they ever do. not anything that kind it, then why 
not true that every tub will stand its own bottom, and what odds 
does make our Society whether either one the three are 
well off not well off better off than are? Now, there 
any such information, and the will give this house, 
think will clear away this question about going into investiga- 
tion how much money these people are worth, what their 
prospects are. there anything that kind it, Mr. Chairman? 

Tue the Secretary answer question? 

don’t think that understand the question 
exactly. Mr. Greene, will you repeat your question, and will try 
and answer it? 

Mr. question this: there anything this 
arrangement, this proposition accepted, that merges and makes 
all these four societies merge into one their financial condition, 
does each society stand now, only occupy 
one building instead half dozen? 

except that each these associations put its money, its 
promises pay, into general corporation. one sense there 
merger the financial interests the societies, because they will 
each constituent holders the property, but merging the 
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finances either the societies any them together, there 
such proposition. 

Mr. there should default either the other 
societies, are not responsible? are equal partners. This 
matter business. have the highest respect for these other 
societies, and would vot hurt their feelings for the world, but are 
looking out for ourselves. That pretty important poiat this 
world. 

Mr. Chairman, have read over very carefully the 
proposition made. opinion that seems plain that all this 
Society does become responsible for paying the interest one- 
fourth the real estate investment—call that five hundred and odd 
thousand dollars—we pay that amount 
money. not see that there any merger all. 

Mr. this thing corporation, think the gentle- 
man’s law will not hold good. Ifit isa corporation, that covers all 
these societies; then there any default, the whole corporation 
responsible for that debt. 

Mr. open matter too. All who under- 
stand partnerships know that one partner liable for all the debts 
the concern. Now, are going into this thing. hat, 
and are all asked chip what have got. What are 
going get forit? Itis Mormon marriage. (Laughter.) are 
talking here all the time four societies. This offer was made 
five, four Scientific Societies and one social club, share and share 
alike. Now, Mr. Carnegie will, his wisdom and his generosity— 
nobody thinks more him than separate that, will 
step advance. not favor putting our money—we have got 
that; ours; have made it—I don’t favor putting that into the 
general hat drawn out every Philippine that comes in. 
have the greatest sympathy for all these sister societies, but not 
propose that shall pay the expenses housekeeping for them. 
will pay our own, but what are with our accumulation, 
there any? Itisatrust the American Society 
Civil Engineers going have these two hundred and fifty three 
hundred thousand dollars, are they put the hat and every 
fellow make grab for it? 

Secretary, can you inform the meeting how 
the information desired can 

Tue think, Mr. President, would rather deli- 
cate matter for this Society issue official statement the finan- 
cial condition another body. The only way which could 
that properly would get certificate from the governing bodies 
those societies what their financial conditionis. 
much whether the Board Direction this Society would care 
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the other societies and publish officially, unless was vouched 
for the treasurers the other societies. Secretary 
would not care take that responsibility. 

Conpron, Am. Soc. E.—Mr. President, may ask these 
statements are not already published annually the several societies, 
much they are the American Society Civil Engineers? 

think, Mr. President, that that motion were 
made, that the last financial statement published each the 
several societies published with this, that would make clear what 
intended, from the standpoint the Secretary. 

Mr. make that change. intended that. 

THE Mr. Stern state the motion now desires 
it? 

Mr. Srern.—That there issued with the resolution recommend- 
ing the ballot, the Board Direction, statement the conditions 
required for membership the American Society Mechanical Engi- 
neers, the American Institute Electrical Engineers, the American 
Institute Mining Engineers, and also the Engineers’ Club, also the 
last published statement their financial condition. 

Mr. move that that motion divided, and that the 
vote taken the first part it, the qualifications member- 
ship the societies, and leave the question financial condition for 
second resolution. All these proceedings are read the 
Society shortly, and the membership large has already read what 
has been said and what already known our Society about the 
financial condition the other societies. hardly necessary 
send that out special circular now for theirinformation. think 
all the members the Society large must know what the relative 
condition the other societies is, and hardly necessary. this 
motion divided and vote taken the first part it, the 
qualifications for membership those societies, think that will 
answer the purpose. that amendment the motion. 

Seconded. 

being remarks, the question will put 
vote the motion: 


there issued with the resolution recommending the bal- 
lot, the Board Direction, statement the conditions required 
for membership the American Society Mechanical Engineers, the 
American Institute Electrical Engineers, the American Institute 
Mining Engineers, and also the Engineers’ Club.”’ 

rising vote being taken, the Secretary announced 153 votes for 
the motion and votes against. The Chair declared the motion 
carried. 


stenographer will read the other part the 
motion. 
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Read the stenographer follows. 
Also the last published statement their financial condition.” 

part the motion? 

Tue part the motion. The original motion 
was divided into two parts, which this the second part. 

Mr. President, and Gentlemen the Society, 
hope this meeting will consider very seriously and deliberately what 
are now proposing here. the first place, there seems 
generally mistaken idea what this whole measure involves. 
has been stated distinctly that does not involve their finances, but 
seems necessary farther and inquire what does mean. 
understand the whole purpose—and not wish understood 
here speaking favor the measure combination against it, 
the present time, but merely this particular point. What in- 
volved, understand it, this: proposed that the societies 
jointly invest certain tract land for the purpose erecting 
building thereon for the joint occupation the societies. not 
proposed that the investment that land shall partnership affair 
distinct from any the societies, from all them. That corpora- 
societies. Now, this corporation will ask each society purchase 
and responsible for certain amount the bonds, its share the 
bonds issued pay for this property—just the land—for the tract 
land which the building erected. This Society purchases 
and holds one-fourth one-fifth, whichever may be, the amount 
bonds issued pay for that property, and will have those bonds 
property, and should they become worthless, lose the amount. 
That all there Now, further than that, each Society 
asked into this building, which proposed erect, without 
any cost the Society, and pay its share the operating expenses 
this building—nothing more. This corporation that proposed 
form, hold this property and administer it, can assess certain 
rentals, certain expenses the management the building against 
each society. They can nothing further than that. see 
merger that whatever. not see any it; not 
see even any entrance this Society society into corporation 
which directly member. 

think important that the responsibility that this Society 
shall actually assume carefully separated from the burden which 
seems the impression here the Society assume. 
not assume responsibility for this vast enterprise alone. assume 
responsibility for only certain things. much for explanation. 
Now, not see, under these circumstances, what benefit 
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would this Society know the exact financial status these 
other societies what their standards membership are be. 
are not uniting with them. The membership this Society, this 
measure adopted, will just independent each the other 
societies to-day—absolutely. The other societies attain 
rights the management this Society this proposed combina- 
tion. This Society attains rights the management the other 
societies. Now, this matter where are interested the financial 
standing these societies their standard membership? Why, 
were merely question whether should occupy that building 
with law firm, see objection whatever. not think the 
fact that this Society, together with law firm medical associa- 
tion single doctor, should agree together for their mutual benefit 
erect this building and use jointly—I not see that would 
any way disparage this Society. merely question mutual 
occupation for the common benefit all, and seems are 
going too far, entirely farther than necessary, for this Society in- 
quire into the standards membership the financial condition 
the existing societies. (Applause.) 

Am. Soc. E.—Mr. President, wish make 
aninquiry. not believe that great many members knew what 
they were voting regard sending out inquiry regarding the 
standards admission the other societies. certainly know that 
did not understand that was voting that matter. understood 
was Mr. Greene’s amendment were voting on. were con- 
sidering the original resolution, wish reconsider it, because 
certainly opposed, and see reason for sending out any information 
piece impertinence our part. (Applause.) There might some 
for our sending out information their financial standing, 
and understood was voting separate that question, and move 
for reconsideration that vote. 

Chair will glad consider question for 
reconsideration after the disposition the present motion, which 
the second half. 

Mr. moment, please. are threshing out; 
are getting information. Now, friend Whinery puts it, 
all very good, but suppose for one minute these other societies are 
delinquent, they don’t pay their interest—who going pay the in- 
terest? have else are deprived the benefit that 
trust, that Shipbuilding Trust, consider it. want know 
where are at, and what have got and what are with it. 
make the partnership, plain question. Put yourselves 
business men; business proposition. are going into part- 
nership and can’t anything else, this building. Now, who 
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liable for the debts, the whole us, every member the firm? 
Now, answer that question and then will see better, and know where 
at. 

James Am. Soc. E.—I think, Mr. Chairman, the 
membership will read the first half the third page, that good many 
their questions will answered. the fourth paragraph, 
become possessors perhaps one-quarter the bonds insti- 
tution that bonded for about twenty-five per cent. its valuation. 
this corporation that are talking cannot raise the necessary 
funds assessment the various associations, then may there 
will default interest; default interest, then the corpora- 
tion possibly may foreclose, foreclosure sale. our Society, 
owning one-fourth the bonds, perhaps, chose buy them and 
get million dollar corporation, there nothing prevent it, 
seems that the way look it. Weare owners one- 
not shipbuilding trust all, because shipbuilding trust has 
number bonds excess valuation; have got valuation and 
one-fourth perhaps the bonds, which pretty safe investment. 
seems that the way that part should looked at, and 
seems that asking for the financial condition our sister 
societies objectionable least. seems that should let 
them alone want let alone, and investment our 
part, they default, perhaps will good thing. 

the reconsider the original vote. 

sir; the pending motion the adoption 
the second part the resolution offered Mr. Stern, which the 
stenographer will read, make certain the meeting under- 
stands it. 

The stenographer then read the second part Mr. Stern’s motion. 

Mr. merely wish say that understanding the 
paragraph referred was, not that the American Society Civil 
Engineers took only one-quarter the bond issue; the meaning 
conveyed was that took more like and the event 
failure any the other institutions, would have bear our 
share. 

Mr. they only have one-half, will have that much 
less buy case foreclosure. 

Mr. has been motion reconsider the vote 
the first paragraph this resolution; that has been seconded, and 
believe claims precedence over vote the second paragraph. 

pending motion before the meeting was 
that tithe the passage the second part this resolution, and the 
Chair rules that that motion before the meeting. 
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was duly moved and seconded that the motion just read the 
stenographer laid the table, which motion, being put vote, 
was carried. 

Mr. Mr. Chairman, wish move reconsideration 
our vote the first paragraph that resolution. 

Chair understands that the gentleman voted 
favor the passage the resolution? 

Mr. sir. 

THE motion the reconsidering—— 

Mr. rise point order. think the man who sec- 
onds voted against it. Ithink both the mover and the seconder 
should have voted for it. 

Mr. gentleman who seconded did not vote all. 

Mr. rise point order. 

the point order. 

Mr. point order is, having laid the table 
amendment motion before the house, have thereby carried 
with the original motion. 

—The motion laid the table was not amend- 
ment; was the second part resolution which has been divided 
the meeting into two parts. 

Mr. reason for this reconsideration—— 

Chair does not understand that there 
motion before the house. order bring the motion for reconsider- 
ation before the meeting, would have moved and seconded 
gentlemen who voted favor it. 

Mr. has been seconded. 

second the motion. 

motion before the meeting the recon- 
sideration. 

Mr. reason for moving this reconsideration that the 
matter was placed before the house such fashion lead 
confusion. Mr. Greene moves amendment motion, the mover 
that motion does not second it, and could only come 
amendment the original motion being voted the house. 
understood that were voting Mr. Greene’s amendment. found, 
after had voted favor that amendment, that had been voting 
the original motion, and could not have voted, nor could anyone 
else, according parliamentary law, have voted that original mo- 
tion inthe way before the house. Now, had known what 
voted on, should have voted just the opposite way. voted believ- 
ing was voting for the separation, for the reason that believe that 
part the resolution has place the action this Society. can 


tic 
th: 
joi 
the 
wil 
ect 
bei 
ine 
vac 
soc 
fav 
but 
the 
mai 
rep 
bec 


REPORT THE ANNUAL MEETING. 


see reason for this Society concern itself the qualification for 
membership another society equal standing with ours. are 
not merging with them. There reason whatever why should 
concern ourselves with their standard membership the number 
members. may concern ourselves with the financial standing. 

Mr. that question put, should like say one 
word, perhaps two three, upon this subject, because seems 
germane this time say it, and not have the thing taken piece- 
meal. 

Knowing nothing law, and having much interest this ques- 
tion, went toa lawyer whom thought had some knowledge cor- 
poration law, and submitted him certain questions regard this 
proposed amalgamation the four societies. said: buying 
this land, will you become tenants common? you do, why then 
any part can sold out. Or, will you joint tenants? you are 
joint tenants, then the decease failure any component part 
the amalgamation, you succeed their holdings and rights the 
amalgamation.” told him did not know and did not understand 
before that there was any difference between joint tenant and 
common tenant. Oh, yes, says he, there great difference. 
sorry cannot give his learned and technical words, but the meeting 
will excuse me, will refer the questions that came partially, 
and.I will read from the circular the 18th November, some 
people not have it, the second and third paragraphs. 

property represented land, buildings and equipment 
the Engineering Societies shall held and administered ex- 
ecutive corporate body, preferably under special charter ob- 
tained from the State New York, each the constituent societies 


being entitled name from its membership three persons act 
incorporators and thereafter directors. 

society annually elect appoint, their By-Laws 
may prescribe, one their voting members serve the Board 
Directors the Executive Corporation, for term three years; 
vacancy said Board filled appointment made the 
society the retirement whose representative causes the vacancy.” 


And that one the arguments the circular the 16th 
favor it. Now, are joint holders this affair, the failure 
any constituent member one the four, succeed his rights; 
but are tenants common under this act, then the portion 
the constituent member failing may sold out. We, undoubtedly, 
would able buy it, but would have bid the common 
market for it. Now, find that there provision for loss 
representation case any society becomes delinquent, and society 
becomes delinquent, and that time are not able buy its share, 
any one—another society private individual—might buy its share 
and take full and complete control that building, under- 
stand it, might. 
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Mr. not stated there that the other societies 


Union shall have the first right purchase any these bonds that may 

any manner come the market? 

(Continued). Mr. execution, don’t think that that would 
work, although not lawyer and cannot state. the end 
this conversation, legal friend said me, This very im- 
portant matter, and you should get the very best legal advice that 
Said Will that settle it?” (Laughter.) 
Said will settle it?” answered, Court last 
resort.” Now, gentlemen, are asked some make what you 
might call polygamous marriage, make under the rules the 
Roman Catholic Church which does not recognize divorce even for 
the statutory cause. When make this connection, made 
for life, the life the four societies, and the only way can get 
out out and leave what have, unless some law 
devised which save us. Ido not know whether not 
that law can devised, and legal friend did not know whether 
not could, but said should get the very best legal advice 
possible, and that wouldn’t settle it. Idon’t think very well 
buy pig ina poke that kind. might be. 

There one point here wish refer to—it little outside 
this question that now before the house, but not want get 
again, and ask the kindness the meeting hear for. one 
word two more—that is, that should enter upon the project with 
firm determination avoid dissension and make helpful and 
healthful. That page the circular January 16th. Now, 
the beginning last June, the meeting last June, most the 
people attending were large extent our guests. perhaps 
impolite use such term snap and will not use 
it, but that meeting came our Society House with set resolu- 
tions and telegram for Mr. Carnegie thoroughly prepared, which 
they proposed rushing through, which said was official meeting 
the four societies, the time, and objected it. 
This left very unpleasant impression mind, the desire com- 
mit the American Society meeting that was not called the 
Society, and, think, was not called through the Society—at least 
knew only incidentally, and received written notice it. And 
the case has been further complicated lately circumstance 
which may refer more directly: the refusal two least those 
societies, and possibly the third, join engineering congress 
St. Louis. believe—I say this subject be- 
lieve that the refusal join engineering congress was such 
reply did not admit any further negotiation. Now, not, 
look upon it, wish make arrangement for life with three 
other societies, two whom, least, are this time more less 
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hostile us, and some whom tried use the Society’s name 
accomplish their ends without due warrant for such use. 

think engineer, and believe everybody here present will 
agree with perfectly and thoroughly, who undertakes piece 
work before has carefully looked, not only the possibilities 
doing it, but the difficulties that will meet, taking money un- 
worthily and dishonestly. And before sink, least venture, 
our entire capital and our reputation enterprise this kind, 
think that all the difficulties, Mr. President, should fairly looked 
and thoroughly met the minds the President and the Directorate 
this Society. 

Now, one the important things this arrangement, looks 
me, the financial and the professional standing these three 
other societies are asked join. have great interest .in the 
financial affairs, because are not strong enough ourselves 
the $540 000 that that land will cost— 

Mr. President, rise point order. The 
question before the house the reconsideration, understand 
it— 

Mr. will accept that point order before acted 
on. merely asked the indulgence the meeting extend 
remarks. 

Assoc. Am. Soc. E.—I desire say just 
word favor the reconsideration. When the original question 
was under debate, was very clearly stated that the Engineers’ 
Club was one the affiliating societies. seems pow, 
careful reading the matter the bottom page and the top 
page although made apply five corporations, the 
final arrangement does not include the Engineers’ Club, and that the 
joint common tenancy that are asked enter into only with 
those other three organizations. The question our common 
joint tenancy with the three societies holding the property Thirty- 
ninth Street. did not understand that that question was put. 
favor its reconsideration. 

The motion for the reconsideration being put vote, was carried. 

question now upon the original motion, 
which the stenographer will read. 

there issued with the resolution recommending the 
ballot, the Board Direction, statement the conditions re- 
quired for membership the American Society Mechanical En- 


gineers, the American Institute Electrical Engineers, the American 
Institute Mining Engineers, and also the Engineers’ 


rising vote being taken, the Secretary announced votes 
favor the resolution and 116 votes opposition. 

The Chair declared the resolution lost. 
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hope the motion adjourn will withdrawn. 
There but very little business more brought before the meet- 
ing. The Secretary will read the report the Tellers. 

The Secretary read the report, follows: 


Report Tellers Appointed Canvass the Ballot for the Election 
Officers the Annual Meeting, January 1904. 


Mr. tellers appointed canvass the ballots for 
officers respectfully report follows: 


Counted and found 683 
For 
For Vice-Presidents 
For Treasurer 
For 
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ALFRED TROTTER, 

Teilers. 


1904. 


declare the following gentlemen elected: 

President, Charles Hermany; 

Treasurer, Joseph Knap; 

Directors, Charles Gowen, Lewis, John Ellis, George 
Webster, Ralph Modjeski and Charles Marx. 

The Secretary will make some announcements. 

The Secretary then announced certain features the programme. 

Tue laying down the high office with which you 
entrusted year ago, desire say that sense the honor 
conferred has been constantly increasing one, and sense the 
obligation that under the Society has also been increasing. 
will now request Mr. Croes and Mr. Cartwright conduct the Presi- 
dent-elect the chair. 

Gentlemen, high privilege present you your Presi- 
dent, Mr. Charles Hermany. (Applause). 

President, Am. Soc. E.—Gentlemen, Members 
the American Society Civil Engineers, Professional Brethren, 
have known you for lo, these many years, thank you for the 
honor you have conferred upon upon this day. Inthe history and 
the affairs the Society, the Annual Meeting occurrence 
interest and importance. has been this occasion event 
somewhat startling. Notwithstanding the fact that so, can 
thank you for the honor conferred. undertaking the assumption 
office this kind, have stated, somewhat startling. The 


President 
Hermany 
Introduced. 
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duties devolving upon the executive are varied and important, and, 
while enter upon them with some hesitation, notwithstanding that, 
when remember the long intimate relations with the men into whose 
faces now looking, feel assured that with their co-operation, 
guidance and assistance, there cannot any task come before this Society 
that cannot manage successfully and creditably. you again 
for the honor conferred. (Applause.) 

the Society say that the meeting the Board Direction, which 
required the Constitution the Annual Meeting, will held 
the Secretary’s office half-past two, and the members the Board 
Direction are respectfully requested get there near that time 
possible. 

The Society then adjourned. 
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EXCURSIONS AND ENTERTAINMENTS THE FIFTY-FIRST 
ANNUAL MEETING. 


Wednesday, January the business meeting, 
lunch for about 450 members was served 1.30 the Society 
Deyo, Am. E., Chief Engineer, and George Thomas, 
Am. Soc. E., Supervising Engineer Power-House, Interborough 
Rapid Transit Company, visited the new power-house that com- 
pany Fifty-ninth Street and Eleventh Avenue. The stations and 
various parts the Rapid Transit Railroad were also inspected during 
the afternoon. 

there was Reception, with dancing,in the Society 
House, which the attendance was about 


Thursday, January 21st, 1904.—The day was devoted excur- 
sion Boonton and Little Falls, J., invitation the Engineers 
and Contractors the works. The party left New York 
special train over the Delaware, Lackawanna and Western Rail- 
road, furnished the courtesy William Truesdale, President, 
and proceeded Boonton, where, under the guidance Waldo 
E., Consulting Engineer; and Edlow Harrison, 


Am. Soc. E., Chief Engineer, the Jersey City Water Supply 
Company, the Boonton Dam and the Conduit for the water supply 
Jersey City were inspected. The party afterward visited the filtration 
works and pumping station the East Jersey Water Company, 
Little Falls, J., where lunch was served. After inspecting the 


works the members and their guests returned New York, arriving 
5.15 


the evening there was informal ‘‘Smoker” the Society 
House, about 450 members and guests being attendance. 

The following list contains the names 493 members, various 
grades, who registered being attendance the Annual Meeting. 
The list incomplete, account the failure many members 
register, and does not contain the names any the guests, 
the Society individual members: 


Abbot, New York City Babb, C....Washington, 
Abbott, New York City Bacon, John W..Danbury, Conn. 
Adams, Arthur......Utica, Bailey, Geo. I....New York City 
Aiken, Pittsburg, Pa. Baird, C.....Phoenixville, Pa. 

New York City Bamford, B...New York City 
Auryansen, Brooklyn, Barbour, Boston, Mass. 
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Barnes, T...... Boston, Mass. 
Barnsley, Pa. 
Basinger, G....New York City 
Beerbower, M..New York City 
Belknap, E....New York City 
Benton, Lewis York City 
Berger, Bernt.....New York City 


Beugler, J...... Boston, Mass. 
Blakeslee, Haven, Conn. 
Boecklin, W...... New York City 


Bogart, John.....New York City 
Boller, Alfred P..New York City 
Bond, Edward A...Albany, 
Bowers, Mass. 
Bowman, L....New York City 
Brace, H....... New York City 
Brackenridge, 
Brooklyn, 
Bramwell, New York City 
Braslow, York City 
Briggs, Josiah A..New York City 
Brodhead, Calvin E., 
Wilkes Barre, Pa. 
Brooks, Fred...... Boston, Mass. 
Brown, Grand, 
Rochester, 
Brown, E...... New York City 
Brunner, John...... Chicago, 
Buchholz, Chas. W., 
New York City 
Buck, S.....Montreal, Canada 


Burdett, A..... New York City 
Burpee, Houlton, Me. 
New York City 


Bush, Edw. W...Hartford, Conn. 
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Carlile, J....Philadelphia, Pa. 
Carpenter, A., 

Pawtucket, 
Carr, Albert...... New York City 
Cartwright, R...Rochester. 
Catt, Geo. W..... New York City 
Cattell, New York City 
Chambers, J...New York City 
Chambers, Ralph H., 

New York City 

Chase, D...... New York City 
Chibas, Edwardo J., 

Santiago Cuba 
Christian, L...New York City 
Christy, L..... New York City 
Clark, Hallett..New York City 
Clarke, New York City 
Clarke, St. John....Bogota, 
Clausnitzer, John, 

Brooklyn, 

Coffin, Amory..New York City 
New York City 
Collier, New York City 
New York City 
Cook, John H....Paterson, 
Cooke, Chas. H...New York City 
Coombs, E..... New York City 
Corthell, B.....New York City 
Corthell, L....New York City 
Coverdale, H..New York City 
Crandall, L...... Ithaca, 
New York City 
Crane, E... .Brooklyn, 
Craven, Alfred....Yonkers, 
Croes, R.....New York City 
Crowell, York City 
Cuddeback, W., Paterson, 


Dakin, H., Jr...New York City 
Darwin, G.....New York City 


Affairs. 


Davies, New York City 
Davis, Chas Allegheny, Pa. 
Davison, Geo. Pa. 
Deans, Jno. Pa. 
New York City 
Diebitsch, New York City 
Dorrance, T...New York City 
Dougan, New York City 
Dougherty, E..New York City 
Douglass, 
Niagara Falls, 
Duncklee, John B.New York City 
Dunham, F....New York City 


Easby, W...Philadelphia, Pa. 
Edwards, R...Baltimore, Md. 
Ehle, Boyd East Creek, 
Endemann, K..New York City 
Erlandsen, New York City 
Evans, New York City 


Fairchild, F.Mt. Vernon, 
Falk, Myron York City 
Farley, Philip N.Y. 
Farrington, New York City 
Ferguson, R...New York City 
Fetherston, T., 
New Brighton, 
Fiebeger, J..West Point, 
Newark, 
Fish, Charles Palo Alto, Cal. 
Fisher, Francis D..New York City 
Flinn, Alfred D...New York City 
Hartford, Conn. 
Ford, H.....Philadelphia, Pa. 
Foster, New York City 
Fox, G...Bulls Bridge, Conn. 
Francis, Geo. B...New York City 
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Fraser, Chas. E...New York City 
French, H....Brookline, Mass. 
French, W...Worcester, Mass. 
Frost, Geo. New York City 
Frost, Geo. New York City 
Fuller, Frank L....Boston, Mass. 
Fuller, New York City 


Fuller, Wm. B....Paterson, 
Furber, C...Philadelphia, Pa. 
New York City 


Furman, 


Gardiner, W....New York City 
Garrison, L...Crandull, Tenn. 
Gartensteig, C.... New York City 
Gay, Martin New York City 
Gerber, Pittsburg, Pa. 
Gifford, Geo. E....New York City 
Gillespie, H....New York City 
Goldsborough, B., 
Croton-on-Hudson, 
Goodell, John York City 
Graham, York City 
New York City 
New York City 
New York City 
Green, New York City 
Greene, Carleton..New York City 
Greene, New York City 
Greene, Jr.. New York City 
Greene, Boston, Mass. 
Gregory, New York City 
Greiner, Baltimore, Md. 
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Griffith, L........ Yonkers, 
Griswold, T.Old Lyme, Conn. 
Gubelman, J...New York City 
Gudmundsson, .Pittsburg, Pa. 


Hague, Chas. York City 
Haight, New York City 
Tuscaloosa, Ala. 
Hall, Martin W...New York City 
New York City 
Hamlin, New York City 
Hammer, H....New York City 
Hankinson, York City 
Harlow, J.H..... Baltimore, Md. 
Harrington, F..New York City 
Harrington, L., 

West New Brighton, 
Harris, Elmo G....... Rolla, Mo. 
Harrison, L....New York City 
Harte, R..Jamaica Plain, Mass. 
Harwood, A....New York City 
Haskins, J....New York City 


New York City 
Haviland, A....... New York City 
Cohoes, 
Hayes, W........ Geneva, 
Hazard, E., 


Johannesburg, South Africa 
Hazard, S....White Plains, 
Hazen, Allen...... New York City 
Hazlett, R...... Wheeling, W.Va. 
Henderson, T..Hartford,Conn. 
Henry, Philip York City 
Herbert, M.Bound Brook, 
Hering, Rudolph..New York City 
Hermany, 
Hildenbrand, W...New York City 
Hillyer, Wm. R...New York City 
Hoffman, York City 
Holliday, R....New Castle, Pa. 
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Hone, P...... New York City 
Hopkins, G.G., Jr.. 
Howe, Boston. Mass. 
Philadelphia, Pa. 
Hunt, Chas. W....New York City 
Hunter, E...Montreal, Canada 
T.NewYork City 


New York City 
Jackson, Mass. 
Jarrett, Edwin York City 
Johnson, E...... Steelton, Pa. 


Johnson, J..Cambridge, Mass. 
Johnson, Boston, Mass. 
Jordan, W.F...... New York City 


Just, Geo. A...... New York City 
Kaufman, G..... Brooklyn, 
Keays, H....... New York City 
New York City 
Keller, B....... New York City 


Kelley, D...... New York City 
Kenney, Pa. 
Khuen, Richard...Ambridge, Pa. 
Kimball, George Boston, Mass. 
King, C., 

West New Brighton, 
King, Wallace., Jr. New York City 


Kinsley, New York City 
Knap, D....... New York City 
New York City 
Knowles, M....... Pittsburg, Pa. 


Kolb, Henry J....New York City 


Labelle, F..Philadelphia, Pa. 
Chicotte, A.New York City 
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Landreth, 
Lavis, New York City 
Leavitt, C.W., Jr..New York City 

Chicago, 
Leonard, R..Philadelphia, Pa. 
Lesley, W...Philadelphia, Pa. 
Lewis, Craigsville, Va. 
Lewis, New York City 
Livingston, Bound Brook,N.J. 
Long, New York City 
Loomis, Horace. Mt. Vernon, N.Y. 
Lowinson, York City 
Ludwig, York City 
Lundie, John New York City 


MacCracken, G..New York City 
Macdonald, A..New York City 
MacGregor, A..New York City 
Machen, B.....New York City 
MacNaughton, James, 
Tahawus, 
McComb, O.. Watertown, N.Y. 
McComb, Washington, D.C. 
McDonald, P., Jr., 
Jersey City, 
McHarg, Leslie...New York City 
McKenzie, Hartford, Conn. 
McMinn, J.....New York City 
Magor, New York City 
Maignen, Philadelphia, Pa. 
Marden, H., Jr..New York City 
Marple, Scranton, Pa. 
Mason, York City 
Mason, Geo. C....New York City 
Matcham, Chas. A..Allentown, Pa. 
Matheson, Mexico 
Mayer, Joseph....New York City 
Melick, New York City 
Merriman, M., 
South Bethlehem, Pa. 
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Metcalf, 
Meyers, 
Miller, 
Miller, 


Boston, Mass. 
New York City 
Boston, Mass. 
New York City 
Miller, New York City 
Mills, Philadelphia, Pa. 
Miner, A....Wilmington, Del. 
Modjeski, 
Moisseiff, Leon York City 
Moncure, A.Philadelphia, Pa. 
Monsarrat, D.Columbus, Ohio 
Moore, H..New Haven, Conn. 
Cleveland, Ohio 
Moss, New York City 
Myers, New York City 
Myers, John York City 


Nichols, H..New Haven, Conn. 
Noble, Alfred New York City 
Norris, A.. Wilkes Barre, Pa. 
New York City 
New York City 


Oakley, G.I New York City 
O’Brien, New York City 
Odell, S...Port Chester, 
New York City 
Opdyke, B., Jr.. New York City 
O’Rourke, John York City 
Orr, Alex Gloversville, 
Otagawa, Tokyo, Japan 
Oxholm, S., 

West New Brighton, 


Paine, Geo. H.....New York City 
Parker, New York City 
Parker, New York City 
Parsons, B..New York City 
Parsons, B....New York City 
Pegram, Geo. H..New York City 
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Pemoff, New York City 
Peterson, Montreal, Canada 


Pitts, D..... ..New York City 
New York City 


Potter, York City 
Potter, W...... New York City 
Pratt, Steelton, Pa. 
Pratt, A..New Brighton, 
Pratt, A....Philadelphia, Pa. 
Pressey, A.. Washington, 
Prichard, Henry Pa. 
Prout, G...... New York City 
Purdy, Corydon T.New York City 


Quinton, H..Los Angeles, Cal. 


Reynders, W., 
Harrisburg, Pa. 
Reynolds, York City 
Rhodes, .....New York City 
New York City 
Richards, T..Philadelphia, Pa. 
Richardson, C....New York City 
Richardson, F..Clinton, Mass. 
Ricketts, C........ Troy, 
Ridgway, R....... New York City 
Roberts, N..... Jersey City, 
Robinson, W., 
Montreal, Canada 
Rosencrans, J..New York City 
Rosenthal, A..Mt. Vernon, 
Rowell, George Baltimore, Md. 
Ryan, New York City 
Ryder, T., 
New Haven, Conn. 


Sabin, H., 
Long Island City, 
Sanderson, G....Scranton, Pa. 
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Saunders, L...New York City 
Scarborough, W., 
Richmond, Va. 
Schmidt, E....New York City 
Schneider, C...New York City 
Schumann, J...New York City 
Shepardson, E., 
Shabbona Grove, 
Shirreffs, R...Washington, 
Sickman, F... Holyoke, Mass. 
Simpson, Geo.... New York City 
Simpson, Geo. F..New York City 
Skinner, W....New York City 
Smith, W...... New York City 
Smith, L....New York City 


New York City 
Boston, Mass. 
Snyder, D..... New York City 
Sonne, Otto....... Boston, Mass. 


Sooysmith, York City 
Soper, George A..New York City 
Spencer, Haven, Conn. 
Sperry, New York City 
Stanton, B.....New York City 
Stauffer, McN..New York City 
Steffens, New York City 


Stehle, C....... New York City 
Stepath, Chas.....New York City 
Stern, W....... New York City 


Stoddard, C....New York City 
Strawn, New York City 
Swain, Boston, Mass. 
Swensson, Pa. 
Swinburne, W.New York City 
Swindells, S..Mt. Kisco, 


Taber, Geo. A... .New York City 


Taylor, Lucian A..Boston, Mass, 
Temple, G., 

Providence, 
Thacher, Edwin...New York City 
Thackray, E...Johnstown, Pa. 
Theban, New York City 
Thomas, E.....New York City 
Thomas, R., Hokendauqua, Pa. 
Thompson, C..New York City 
Thompson, E., 

Newton Highlands, 
Thomson, A., Jr..Brooklyn, 
Thomson, H...New York City 
Thomson, York City 

New York City 
Tighe, Holyoke, Mass. 
Tillson, Geo. W..Brooklyn, 
Tingley, H....New York City 
Tomkins, Calvin..New York City 
Tomlinson, T..New York City 

Tompkins, V., 
New York City 

Trautwine, 
Philadelphia, Pa. 
Tribus, Louis L...New York City 
Trotter, Alfred W.New York City 
Tucker, Ross F...New York City 
Tucker, Wm. C...New York City 
Turner, New York City 
Turner, Boston, Mass. 
Tuttle, Arthur York City 


Ulrich, 


New York City 
Upham, 


New York City 


Van Buskirk, R.New York City 
Van Horne, G..New York City 
Van Winkle, York City 


Vier, New York City 
New York City 
Vredenburgh, W., Jr., 

New York City 
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Wadsworth. E..New York City 
Wagner, Pa. 
Wagner, T...Philadelphia, Pa. 
Waldron, .East Berlin, Conn. 
Brooklyn, 
Waterhouse, J....New York City 
Watkins, W., 
White Plains, 
Watson, York City 
Webb, Pa. 
Webster, Pa. 
Wells, Clinton, Mass. 
Weston, Boston, Mass. 
Wheeler, N....New York City 
Whinery, New York City 
Whiskeman, P..New York City 
White, New York City 
White, Beaver Falls, Pa. 
Whitney, ....Boston, Mass. 
Whitson, U., 
Croton-on-Hudson, 
Whittemore, F., 
Hoboken, 
Wilcox, New York City 
Wild, Portland, Me. 
Wilkins, New York City 
L., Jr., 
West Orange, 
Williamson, York City 
Wilson, S..New York City 
Wolfel, Paul Philadelphia, Pa. 
Wright, Pomona, Cal. 
Wortendyke, D., 
Jersey City, 
Wright, Bodine. New York City 


Young, New York City 
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ANNOUNCEMENTS. 


every day, except Sundays, Fourth July, Thanksgiving Day and 
Christmas Day. 

MEETINGS. 


Wednesday, March 2d, 1904.—8.30 m.—A regular business 
meeting will held. Ballots for membership and ballots the 
proposed Union Engineering Building will canvassed, and 
entitled Marsh River Bridge,” Herbert Wild, 
Jun. Am. E., will presented for discussion. 

This paper printed this number Proceedings. 


Wednesday, March 16th, 1904.—8.30 m.—At this meeting, 
paper, entitled Location the Knoxville, Follette and Jel- 
lico Railroad, the Louisville and Nashville System,” 
Taylor, Am. Soc. E., will presented for discussion. 

This paper printed this number Proceedings. 


ANNUAL CONVENTION, 1904. 


The Thirty-sixth Annual Convention will held St. Louis, Mo., 
during the week October 3d, 1904. 

Committee the Board Direction now arranging pro- 
gramme, with view making this Convention International Meet- 
ing Engineers, for the presentation and discussion timely sub- 
jects professional interest. 

the details the arrangements are developed, they will 
announced Proceedings. 


UNIVERSAL EXPOSITION, ST. LOUIS, 1904. 


The Society has undertaken provide for engineering exhibit, 
and the establishment Headquarters for visiting engineers, and the 
Board Direction has appropriated sufficient funds defray the 
necessary expense. 

This matter the hands the following Committee: 

Rosert Am. Soc. E., St. Louis, Mo., Chairman. 

Epwarp Carter, Am. Soc. E., Chicago, 


JAMES FRAZIER, Frankfort, Ind. 
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International Engineering Congress 


UNDER THE AUSPICES 


The American Society Civil Engineers 


conjunction with the St. Louis Universal Exposition, 


October 


8th, 1904. 


COMMITTEE CHARGE: 


HENRY HAINES, Chairman, 

374 Fifth Ave., New York City. 

Cincinnati, Ohio. 

WILLIAM METCALF, Pittsburg, Pa. 
BENJAMIN HARROD, New Orleans, La. 
ELMER CORTHELL, New York City. 
GEORGE MELVILLE, Philadelphia, Pa. 
GEORGE New York City. 
PALMER RICKETTS, Troy, 
GEORGE DAVISON, Pittsburg, Pa. 


CHARLES WARREN Secretary, 

220 West St., New York City 
JOSEPH 

220 West St., New York City. 
CRAIGHILL, Charlestown, Va. 
JOSEPH RAMSEY, JR., St. Louis, Mo. 
STILLWELL, New York City. 
HOLMAN, St. Louis, Mo. 
JOsEPH New York City. 
GEORGE PEGRAM, New York City. 
ALFRED CRAVEN, New York City. 


HUNTER MCDONALD, Nashville, Tenn. 


Preliminary Announcement 


February 1904. 
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UNIVERSAL EXPOSITION, ST. LOUIS, 
1904. 
INTERNATIONAL ENGINEERING CONGRESS. 
PRELIMINARY ANNOUNCEMENT. 


International Engineering Congress, under the auspices 
the American Society Civil Engineers, will held the 
Universal Exposition, Saint Louis, Missouri, A., during 
the week October 8th, 1904. 

The Congress will one series International Scien- 
tific Congresses held the Exposition under the general 
authority and with the co-operation the Director Con- 
gresses. 

The development Engineering Science during the past 
decade has been rapid and has extended over wide field 
that the Universal Exposition Saint Louis seems 
fitting time which review the work the past and obtain 
authoritative epitome present practice. 

The object the Congress secure thorough Interna- 
tional consideration certain branches Engineering work 
which have been selected with special reference their present 
interest and importance. 

order facilitate the work the Congress and insure 
the presentation topics systematic manner, the Com- 
mittee has prepared the subjoined list the subjects which 
have been selected for review and discussion. 

understood that the list subjects proposed 
somewhat tentative, and may slightly modified the de- 
tails the programme are perfected. 

basis for discussion the sessions the Congress, 
the Committee has invited engineers specially qualified 
each the various branches covered the foregoing list, 
prepare review the development during the past ten years 
that branch the United States, together with summary 
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present practice. Engineers other countries, experienced 
these various lines, will specially invited prepare sim- 
ilar papers presenting review and summary practice 
their respective countries. 

proposed print these papers advance, order 
that full discussion the various sessions may elicited 
without giving any time the reading papers the 
Congress. 

All engineers the United States and all other countries. 
are invited become members the Congress, attend the 
sessions, and take part the discussions; or, unable 
attend, forward written communications any the 
selected subjects. not expected that delegates will 
formally appointed, being intended that opportunity 
attend shall afforded any who may wish become mem- 
bers the Congress. 

The papers, together with the discussions upon them, 
collated and published one more volumes the 
American Society Civil Engineers. 

The membership fee the Congress will $5.00, which 
will entitle the member participate the Congress and 
receive copy the published proceedings. 

All members the American Society Civil Engineers 
will members the International Engineering Congress 
without payment the membership fee, and will entitled 
receive all the publications the Congress. 

Membership may secured forwarding this fee, with 
name and address, the Secretary the Committee, Charles 
Warren Hunt, 220 West 57th St., New York City, who 
therefor. member will receive all notices, pro- 
grammes, etc., issued advance the Congress. 
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LIST SUBJECTS: 


Harbors. 

Natural Waterways. 

Artificial Waterways. 

Lighthouses and Other 
Aids Navigation. 

Traffic Improved 
Waterways, Com- 
pared with Seaboard 
Traffic, and the Effect 
this Development 
Railroad Traffic. 

Purification Water: 

For Domestic Use; 
For the Production 
Steam. 

Turbines and Water 
Wheels. 

Irrigation. 

Railroad Terminals: 

Ports; 
Inland. 

10. Underground Railways. 

11. Locomotives and Other 
Rolling Stock. 

12. Live Loads for Railroad 
Bridges. 

13. The Substitution Elec- 
tricity for Steam 
Motive Power. 

14. Sewage Disposal. 

15. Disposal 
Refuse. 


16. 


17. 
18. 


19. 
20. 


33: 


Ventilation Tunnels. 

Highway Construction. 

Concrete and Concrete- 
Steel Construction. 

Deep Foundations. 

The Manufacture Steel. 

Tests Materials Con- 
struction. 


Passenger Elevators. 
Pumping Machinery. 
Dredges: Their Construc- 


tion and Performance. 


Steam Turbines. 
Electrical Power: 


Generating Sta- 
tions; 
Transmission. 


Naval Architecture. 
Marine Engineering. 
Dry Docks. 

Ordnance. 

Fortifications. 

Mining Engineering. 


(Sub-Divisions under 
this heading not yet 
determined.) 

Engineering Education. 

(Sub-Divisions under 
this heading not yet 
determined.) 
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REPORT THE BOARD DIRECTION THE FIFTY-FIRST 
ANNUAL MEETING, JANUARY 1904, THE MATTER 
THE PROPOSED ENGINEERING BUILDING. 


The attention the members the American Society Civil Engineers 
called decision the question whether: 

The Society shall continue heretofore its own building; 

Or, shall occupy, common with three other National Engineering 
Societies, suitable space large building owned and controlled Cor- 
poration composed equal number representatives from each these 
Societies. 

The manner which this question has come considered the 
American Society Civil Engineers this: 

February 14th, 1903, Mr. Andrew Carnegie wrote this letter: 

Gentlemen the 
American Society Civil Engineers, 
American Society Mechanical Engineers, 
American Institute Mining Engineers, 
American Institute Electrical Engineers, and the 
Engineers’ Club. 

will give great pleasure give say one million dollars erect 

suitable Union Building for you all, the same may needed. 
With best wishes, 
Truly yours, 
(Signed) ANDREW CARNEGIE.” 

Mr. Carnegie has since given verbal assurance that desires erect 
building adequate all respects the needs the Societies with due pro- 
vision for future growth, the cost not limited the sum named his 
original offer. 

the time the foregoing letter was written, the Engineers’ Realty Com- 
pany, association formed for the purpose providing home for the 
Engineers’ Club, had purchased plot land having fifty feet frontage 
Fortieth Street and depth ninety-eight feet nine inches, half way between 
Fifth and Sixth Avenues. 

plot land directly the rear this property and fronting 
Thirty-ninth Street, with frontage one hundred and twenty-five feet, and 
depth ninety-eight feet nine inches, has been purchased Mr. Carnegie 
cost $517 000. proposes tosell this cost and interest the four 
Engineering Societies named his letter, such them will join the 
purchase, after shall have erected upon building (costing approx- 
imately one million dollars) made adequate the needs all the 
Societies for long time come, which building will with the land with- 
out extra charge the purchasers the land. 

adequate building will erected Mr. Carnegie the adjoining 
lots which front Fortieth Street, and will similarly conveyed the 
Engineers’ Club. should stated that the representatives the several 
Societies, including this case those the Engineers’ Club, unanimously 
favor the complete physical separation the two buildings. Mr. Carnegie 
has never formally acceded this, but there little room question his 
acquiescence. 
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conference committee the four Engineering Societies has, after six 
months’ deliberation, formulated conditions for the tenure the property, 
the essential points which are follows:* 

The title the property shall vested inan EXECUTIVE CORPORA- 


composed twelve persons, three whom are chosen each the 
aforesaid CONSTITUENT SOCIETIES. 
The purchase money obtained the sale bonds the EX- 
ECUTIVE CORPORATION, bearing interest four per cent. per annum, 
and redeemable six months’ notice. the CONSTITUENT SO- 
CIETIES shall have the right purchase par, and hold inalienably, 
proportion bonds corresponding its interest the EXECUTIVE 
CORPORATION. may hold larger proportion subject one year’s 
call the EXECUTIVE CORPORATION, par. sio 
meet the expenses, interest, taxes (if any), and operation and 
maintenance, the EXECUTIVE CORPORATION shall assess upon each 
the CONSTITUENT SOCIETIES annually, sum sufficient meet all 
obligations, proportioned the space the building occupied such So- 
ciety, assigned the Board Directors the EXECUTIVE COR- suf 
PORATION. 
Other scientific associations may assigned space the building the the 
EXECUTIVE CORPORATION, and the income derived from the occupants 
the building shall used the EXECUTIVE CORPORATION for 
defraying ordinary expenses, establishing repair and re-building fund and 
the advancing engineering arts and science. 
The Board Direction believes that this matter should now presented 
the membership for ballot, although the project not yet shape for 
such presentation under the instructions the Asheville Convention. has line 
been demonstrated, however, that building with suitable accommodations 
for all the CONSTITUENT SOCIETIES can planned the land selected frie 
and already secured. 
The Board believes that, the interest all the parties concerned, 
decision should reached early date possible, and within the ther 
power the Annual Meeting order letter-ballot, the question 
whether the American Society Civil Engineers becomeone the 
CONSTITUENT SOCIETIES the occupancy and control the proposed pert 
UNION ENGINEERING BUILDING. prof 
cover this contingency, the Board has prepared the following argu- 
ments for and against the project present formulated, for presentation has 
the Annual Meeting. 
*For full, see Progress Report the Board the Project, dated November 18th, 
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ARGUMENTS: 


FAVOR. 


The Society now has oppor- 
tunity become one four equal 
participants gift about one 
million dollars expended for 
modern building adequate for the 
needs all four Societies for many 
years come. 


Such liberal and generous gift 
has never been offered the protes- 
sion before, and such an, opportunity 
secure suitable building for 
great Engineering Center can hardly 
expected recur. 


the sale our present prop- 
erty, which need not ‘hastened, 
amount can realized 
cover the interest the Society 
the land upon which the new building 
for broadening the work the So- 
ciety. 


ation between the different Engineer- 
ing Societies and the different classes 
Engineers. Engineers different 
lines work are not brought to- 
gether much men other pro- 
tessions, and the facility for meeting 
friends and widening acquaintance 
being housed common build- 
ing would especial value 
them. 


Better opportunities for individual 
intercourse and facilities for more 
frequent exchange ideas and ex- 
perience must benefit the 
profession. 


The present stage civilization 
has been marked great develop- 
ment the applications science, 


and its advance has been largely the 
unrecognized work the Engineer- 


ing Future progress will 


AGAINST. 


professional Society should 
not accept gift under conditions 
which may the future hamper its 
independence and usefulness. 


believed that greater sense 
responsibility produced, and 
greater pride engendered, the 
members any organization feel 
that its support depends entirely upon 
themselves. 


the assumption that the Engi- 
neering Building will cost 000 
the increase nominal assets 
this Society will about 
against this, the Society will 
deprived exclusive control the 
property occupies, both regards 
its management and the possibility 


The ownership will inalienable 
and indivisible, and, with the control 
the property, will the hands 
the 
which the Society will have but one 
considered whether the gain suf- 
ficient compensate for the sacrifice 
independence and individuality. 


the practical operation 
large buildings, the several floors 
which are occupied different fami- 
lies business firms associations 
individuals, experience does not 
always show gain social busi- 
ness affiliations intimacy between 
the several tenants, simply because 
their proximity. 


There precedent for antici- 
pating beneficial result, this re- 
spect, from the occupation differ- 
ent floors large building 
different Societies Engineers, eac 
desirous preserving its individual- 
ity and increasing its membership. 


The prestige the Profession 
Civil Engineering cannot enhanced 
the collection one building 
number separate organizations 
with different requirements for mem- 
bership. 
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[Society 


LIST SUBJECTS: 


Harbors. 
Natural Waterways. 

Artificial Waterways. 
Lighthouses 


and Other 
Aids Navigation. 


Traffic Improved 


Waterways, Com- 
pared with Seaboard 
Traffic, and the Effect 
this Development 
Railroad Traffic. 


Purification Water: 


For Domestic Use; 
For the Production 
Steam. 


Turbines and Water 


Wheels. 


Irrigation. 
Railroad Terminals: 


Ports; 
Inland. 


Underground Railways. 


Locomotives and Other 
Rolling Stock. 

Live Loads for Railroad 
Bridges. 


The Substitution Elec- 


tricity for Steam 
Motive Power. 


Sewage Disposal. 


Municipal 
Refuse. 


16. 


17. 
18. 


19. 
20. 


23. 
23. 
24. 


25. 
26. 


27. 
28. 
29. 
30. 
31. 


Ventilation Tunnels. 
Highway Construction. 
Concrete and Concrete- 
Steel Construction. 
Deep Foundations. 
The Manufacture Steel. 
Tests Materials Con- 
struction. 
Passenger Elevators. 
Pumping Machinery. 
Dredges: Their Construc- 
tion and Performance. 
Steam Turbines. 
Electrical Power: 

Generating Sta- 

tions; 

Transmission. 
Naval Architecture. 
Marine Engineering. 

Dry Docks. 
Ordnance. 
Fortifications. 
Mining Engineering. 
(Sub-Divisions under 
this heading not yet 
determined.) 
Engineering Education. 
(Sub-Divisions under 
this heading not yet 
determined.) 


ANNOUNCEMENTS. 


REPORT THE BOARD DIRECTION THE FIFTY-FIRST 
ANNUAL MEETING, JANUARY 2oth, 1904, THE MATTER 
THE PROPOSED ENGINEERING BUILDING. 


The attention the members the American Society Civil Engineers 
called decision the question whether: 

The Society shall continue heretofore its own building; 

Or, shall occupy, common with three other National Engineering 
Societies, suitable space large building owned and controlled Cor- 
poration composed equal number representatives from each these 
Societies. 

The manner which this question has come considered the 
American Society Civil Engineers this: 

February 14th, 1903, Mr. Andrew Carnegie wrote this letter: 

Gentlemen the 
American Society Civil Engineers, 
American Society Mechanical Engineers, 
American Institute Mining Engineers, 
American Institute Electrical Engineers, and the 
Engineers’ Club. 

will give great pleasure give say one million dollars 
suitable Union Building for you all, the same may needed. 

With best wishes, 


Truly yours, 
(Signed) ANDREW CARNEGIE.” 


Mr. Carnegie has since given verbal assurance that desires erect 
building adequate all respects the needs the Societies with due pro- 
vision for future growth, the cost not limited the sum named his 
original offer. 

the time the foregoing letter was written, the Engineers’ Realty Com- 
pany, association formed for the purpose providing home for the 
Engineers’ Club, had purchased plot land having fifty feet frontage 
Fortieth Street and depth ninety-eight feet nine inches, half way between 
Fifth and Sixth Avenues. 

plot land directly the rear this property and fronting 
Thirty-ninth Street, with frontage one hundred and twenty-five feet, and 
depth ninety-eight feet nine inches, has been purchased Mr. Carnegie 
cost $517 proposes tosell this cost and interest the four 
Engineering Societies named his letter, such them will join the 
purchase, after shall have erected upon building (costing approx- 
imately one million dollars) made adequate the needs all the 
Societies for long time come, which building will with the land with- 
out extra charge the purchasers the land. 

adequate building will erected Mr. Carnegie the adjoining 
lots which front Fortieth Street, and will similarly conveyed the 
Engineers’ Club. should stated that the representatives the several 
Societies, including this case those the Engineers’ Club, unanimously 
favor the complete physical separation the two buildings. Mr. Carnegie 
has never formally acceded this, but there little room question his 
acquiescence. 
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100 ANNOUNCEMENTS. [Society 


conference committee the four Engineering Societies has, after six 
months’ deliberation, formulated conditions for the tenure the property, 
the essential points which are follows:* 

The title the property shall vested inan EXECUTIVE CORPORA- 
TION, which created special Act the Legislature, and 
composed twelve persons, three whom are chosen each the 
aforesaid CONSTITUENT SOCIETIES. 

The purchase money obtained the sale bonds the EX- 
ECUTIVE CORPORATION, bearing interest four per cent. per annum, 
and redeemable six months’ notice. the CONSTITUENT SO- 
CIETIES shall have the right purchase par, and hold inalienably, 
proportion bonds corresponding its interest the EXECUTIVE 
CORPORATION. may hold larger proportion subject one year’s 
call the EXECUTIVE CORPORATION, par. 

meet the expenses, interest, taxes (if any), and operation and 
maintenance, the EXECUTIVE CORPORATION shall assess upon each 
the CONSTITUENT SOCIETIES annually, sum sufficient meet all 
obligations, proportioned the space the building occupied such So- 
ciety, assigned the Board Directors the EXECUTIVE COR- 
PORATION. 

Other scientific associations may assigned space the building the 
EXECUTIVE CORPORATION, and the income derived from the occupants 
the building shall used the EXECUTIVE CORPORATION for 
defraying ordinary expenses, establishing repair and re-building fund and 
the advancing engineering arts and science. 


The Board Direction believes that this matter should now presented 
the membership for ballot, although the project not yet shape for 
such presentation under the instructions the Asheville Convention. has 
been demonstrated, however, that building with suitable accommodations 
for all the CONSTITUENT SOCIETIES can planned the land selected 
and already secured. 

The Board believes that, the interest all the parties concerned, 
decision should reached early date possible, and within the 
power the Annual Meeting order letter-ballot, the question 
whether the American Society Civil Engineers shall becomeone the 
CONSTITUENT SOCIETIES the occupancy and control the proposed 
UNION ENGINEERING BUILDING. 

cover this contingency, the Board has prepared the following argu- 
ments for and against the project present formulated, for presentation 
the Annual Meeting. 


*For text full, see Progress Report the Board the Project, dated November 18th, 1903. 
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ARGUMENTS: 


FAVOR. 


The Society now has oppor- 
tunity become one four equal 
participants gift about one 
million dollars expended for 
modern building adequate for the 
needs all four Societies for many 
years come. 


Such liberal and generous gift 
has never been offered the protes- 
sion before, and such an, opportunity 
secure suitable building for 
great Engineering Center can hardly 
expected recur. 


the sale our present prop- 
erty, which need not 
sufficient amount can realized 
cover the interest the Society 
the land upon which the new building 
placed, and leave remainder 
for broadening the work the So- 
ciety. 


ation between the different Engineer- 
ing Societies and the different classes 
Engineers. Engineers different 
lines work are not brought to- 
gether much men other pro- 
fessions, and the facility for meeting 
friends and widening acquaintance 
being housed common build- 
ing would especial value 
them. 


Better opportunities for individual 
intercourse and facilities for more 
frequent exchange ideas and ex- 
perience must benefit the 
profession. 


The present stage civilization 
has been marked great develop- 
ment the applications science, 
and its advance has been largely the 
unrecognized work the Engineer- 
ing Profession. Future progress will 


AGAINST. 


professional Society should 
not accept gift under conditions 
which may the future hamper its 
independence and usefulness. 


believed that greater sense 
responsibility produced, and 
greater pride engendered, the 
members any organization feel 
that its support depends entirely upon 
themselves. 


the assumption that the Engi- 
neering Building will cost 000 
the increase nominal assets 
this Society will about 
against this, the Society will 
deprived exclusive control the 
property occupies, both regards 
its management and the possibility 


The ownership will inalienable 
and indivisible, and, with the control 
the 
which the Society will have but one 
considered whether the gain suf- 
ficient compensate for the sacrifice 
independence and individuality. 


the practical operation 
large buildings, the several floors 
which are occupied different fami- 
lies business firms associations 
individuals, experience does not 
always show gain social busi- 
ness affiliations intimacy between 
the several tenants, simply because 
their proximity. 


There precedent for antici- 
pating beneficial result, this re- 
spect, from the occupation differ- 
ent floors large building 
different Societies Engineers, eac 
desirous preserving its individual- 
ity and increasing its membership. 


The prestige the Profession 
Civil Engineering cannot enhanced 
the collection one building 
number separate organizations 
with different requirements for mem- 
bership. 
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ARGUMENTS: 


FAVOR. 


perhaps even more marked, and 
the profession Engineering should 
take its place one the most im- 
portant agents the advancement 
civilization and the development 
the country. urged that this 
will aid accomplishing this 
end. 


Joint occupancy and contiguity 
the several com- 
modious Engineering Building, cen- 
trally located, would tend the 
unity and strength the Engineer- 
ing Profession whole. The pres- 
ent tendency toward specializa- 
tion, and hence segregation, which 
deplored, and which closer 
association would much coun- 
teract. 


Our present building, while ade- 
quate for ordinary meetings the 
Society, inadequate some re- 
spects for the requirements the 
Annual Meeting—the principal oc- 
casion when non-resident members 
visit the Society House. 
proper accommodation for giving 
luncheon this occasion, unless the 
Business Meeting held elsewhere; 
and, with the rapid increase mem- 
bership, these conditions will grow 
worse from year year. 


The new building will give much 
more space and better accommoda- 
tions both the business offices and 
the auditoriums; andample space for 
very largely increased membership 
all the organizations. large au- 
ditorium, with seating capacity for 
one thousand persons, and two 
three smaller ones, with seating 
capacity for 200 400 each, will pro- 
vide forall meetings. Suitable provi- 
sion made for the convenient 
service luncheon any occasion. 


AGAINST. 


cannot regarded unques- 
tionable that greater intimacy be- 
tween the several Societies would 
mutually beneficial developing 
deeper professional spirit. 


The experience the Institution 
Civil Engineers Great Britain 
indicates that certain ex- 
clusiveness and conservatism engen- 
ders the members pride the 
organization and solicitude for its 
welfare, and begets the public 
reliance upon its character. which 
might jeopardized such as- 
sociation with other organizations 
having different histories, aims and 
traditions. 


If, may well feared, jcint oc- 
cupancy acommon building should 
give rise dissensions, the result 
would loss prestige instead 
gain. 


The present house the Societ 
four-story and basement build- 
ing fine architectural appearance, 
planned and built expressly for it, 
100-foot street, adjacent two 
churches, and opposite impos- 
ing Fine Arts Gallery. fully 
adequate all the present needs 
the Society excepting only the 
the Annual Meeting. 
The business offices, library and 
reading room, will ample for 
considerably increased membership. 


When more space required two 
three more stories can added, 
adjacent property can acquired, 
when this becomes necessary. The 
present property nearly paid for, 
and the regular annual surplus re- 
ceipts over expenditures steadily 
increasing; there can doubt 
that the Society can make these en- 
largements acquisitions whenever 
needed. 
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ARGUMENTS: 


FAVOR. 


common use auditoriums, reading 
rooms, etc., could probably ob- 
tained less cost maintenance and 
operation, than where different estab- 
lishments are maintained; and the 
expenses may partially defrayed 
renting office space and audito- 
riums other scientific organizations 
without interference with the work 
the CONSTITUENT SOCIETIES. 


This feature may considera- 
ble importance until increase 
membership the space becomes neces- 
sary for the use the CONSTITU- 
ENT SOCIETIES, and when this 
occurs the Societies will strong 
that the burden will insignificant. 


AGAINST. 


The experience had the manage- 


ment high buildings New York 
and elsewhere, the effect that 
the cost operation, per square foot 
floor space occupied, very much 
greater ten-story building with 
elevators than four- six- story 
building without elevator service. 


the opinion experts the 
management buildings that the 
expense this Society, becoming 
participant the management 
the proposed building, would ver 
greatly excess its expend- 
iture for operation its own build- 
ing. 

doubted that building for 
home for the several societies, ten 
stories thereabout height, giving 
adequate architectural effect for suit- 
ably impressing the general public, 
and creating pride ownership 
the minds the members the sev- 
eral societies, can built the pro- 
posed site, narrow street, the 
middle nine hundred-foot block, 
likely occupied business 
buildings greater height. 


some future date, even with the 
proposed liberal allowance, the space 
the proposed building will become 
inadequate for one more the 
CONSTITUENT SOCIETIES; all 
will certainly grow, but the probabil- 
ity that some will grow the ex- 
pense the others. this case the 

roposed Engineering Center will 

roken up, there will room 
for further expansion, and there 
which shall and which shall stay. 
This emphasizes the objection join- 
ing project which makes pro- 
vision for growth, readjustment, 
beyond certain limit. 
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[Society 


ARGUMENTS: 


FAVOR. 


Thecollection the libraries 
the various Societies one building 
would facilitate greatly making re- 
and would result econ- 
omy time and efficiency. Each 
Society would retain control its 
own books, stored separate stacks. 


Each could maintain and 
increase its library with less free- 


‘dom than occupied separate 


building. 


common reading room would 
serve for all. 


The new building, centrally 
placed between thetwo great railway 
terminals, and near the hotel district, 
will more convenient non-resi- 
dent members, particularly those 
leaving late trains. 


The proposed building will about 
2oco ft. from the nearest Subway 
Station; 2100 ft. from the Grand 
Central Station 100 ft. from the 
new Pennsylvania Railroad Tunnel 
Station (now under way), that 
say, within minutes’ walk 
from either these stations. The 
6th Avenue Elevated Station 270 
ft., and the nearest East Side Ele- 
vated Station 320 ft. distant. The 
Sixth Avenue surface car line 500 
ft. away, the Seventh Ave. car 
400 ft. away; which cars the ride 
the Pennsylvania Railroad Station 
would two minutes; the Forty- 
second St. Crosstown line 270 ft. 
away, and the Broadway surface car 
line ft. away. 


AGAINST. 


With the libraries the CON- 
STITUENT SOCIETIES under the 
same roof, there will not the same 
incentive for maintaining the com- 
pleteness each, the feeling will 
that the other libraries, readily ac- 
cessible, can relied upon contain 
all books, relating their specialties, 
and might seem waste money 
and space have each the four 
libraries copy the same book; yet 
seems desirable keep the library 
this Society, which general 
technical collection, larger and more 
complete than any other similar li- 
brary America, complete all 
times the Society occupied inde- 
pendent quarters. 


case withdrawal some future 
time, the library should com- 
plete there hadnever been any 
association. probable that do- 
nations publications would re- 
stricted one copy for the building, 
the several libraries being considered 
one, and thus the growth our 
Library would restricted. 


The new building will ona 
street district changing 
from residential business char- 
acter. 


The present building located 
100-ft. street growing locality. 
ooo ft. from the nearest Subway 
Station, whichis minutes’ ride from 
the Grand Central Station, 
walking 250 ft. the Boulevard sur- 
face cars with minutes’ ride the 
Grand Central Station, walking 
300 ft. the Seventh Avenue sur- 
face cars with minutes’ ride the 
Pennsylvania Railroad Tunnel Sta- 
tion. are five surface lines 
within quarter ofa mile; Broadway 
200 ft.; Eighth Avenue 550 ft.; Sev- 
enth Avenue 300 ft.; Sixth Avenue 
200 ft., and Street Crosstown 
800 ft. elevated railroad stations 
are each 600 ft. distant. 


This location suitable for the 
urpose, attractive and accessible 
rom all directions. 
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ARGUMENTS: 


FAVOR. 


Associations Engineers should 
mutually helpful. this Society 
does not join this project, the bur- 
den upon the others will greater. 
are all members one great pro- 
fession.. should join hands with 
our brethren who are engaged other 
lines, with the sincere desire that all 
work together enhance the strength 
and influence the engineering pro- 
fession great unity. 


The building would under the 
exclusive control the representa- 
tives the four National Engineer- 
ing Societies; these representatives 
forming EXECUTIVE CORPO- 
RATION which each Society 
would have equal voice. 


Such Corporation, made 
the best men the CONSTITUENT 
SOCIETIES, could depended 
upon deal justly with all. 


should enter upon the project 
with firm determination avoid 
dissensions and make successful 
and helpful. 


Possible difficulties should not deter 
from joining enterprise 
which, with proper management, 
may made great benefit the 
profession. 


AGAINST. 


The area the lot which the 
present house built nearly one- 
half that proposed for all four 
the Societies 39th St. 


The price paid for the former 
1896 was $14.48 per square foot; the 
price are asked pay for the 
latter $41.89 per square foot, plus 
the interest date occupancy. 


This Society stands for certain 
principles which individualize its 
character, among which the fact 
that the term Civil Engineers” 
used inits title comprehends Military, 
Naval, Mining, Mechanical and Elec- 
trical Engineers, Architects and Ma- 
rine Architects, specified its 
Constitution, all being eligible for 
membership. 


housed the same building 
with other societies which different 
organizations would shortly termed 
Mining,” etc., would lead re- 
striction the proper meaning the 
name this Society the popular 
estimation, thus detracting from its 
dignity and destroying its individu- 
ality. 


The management the new 
building will the hands 
EXECUTIVE CORPORATION 
representing all the Societies, 
which Corporation space and expense 
apportioned. 


Once having committed ourselves 
this project, however, would 
unable withdraw without sacri- 
fice property, and would obliged 
continue the affiliation with the 
other Societies, even though expe- 
riences, now unforeseen, should make 
desirable sever the connection. 


The plan occupation and control 
the new building involves en- 
tire and undesirable change the 
business management this So- 
ciety. 
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ARGUMENTS: 


FAVOR. 


The danger that any one the 
four great National Engineering So- 
cieties may become unable pay its 
expenses the new building, seems 
extremely remote, believe 
the continued future development 
our country, which all branches 
the profession Engineering will 
have important part; but, the 
extremely improbable should occur, 
and any one the Societies should 
fail and withdraw, can hardly 


doubted that the others could suc- 


cessfully maintain the building. 


Nor can reasonably doubted 
that other engineering closely 
allied scientific societies, would avail 
themselves any opportunity 
locate the Engineering headquar- 
ters, whenever such opportunity 
might offered. 


AGAINST. 


Instead being independent and 
retaining entire control its prop- 
has far been done with 
successful results, the Society will 
obliged surrender control its 
real estate organization 
which will have only one-fourth 
interest, the remaining three-fourths 
being held other parties. 


The proposed EXECUTIVE COR- 
PORATION enter upon 
speculative business enterprise, viz., 
the management large building, 
larger than demanded 
the present needs the partici- 
pants the ownership, locality 
the character which now 
transition state from residential 
business occvpancy, with great 
likelihood future advance val- 
ues. Especially can increase 
value anticipated for building 
designed for semi-public uses, the 
cost maintaining which will 
very great, and will constant 
whether fully occupied not. 


Participation such enterprise 
foreign the aims and objects 
the American Society Civil En- 
gineers, and should not entered 
into. 


Any loss wiil-fall largely upon the 
non-resident members the So- 
ciety, who constitute three-fourths 
its membership, and whom the 
possession inseparable, frac- 
tional share large building will 
benefit. 


any the CONSTITUENT 
SOCIETIES default the payment 
interest, the others would face the 
necessity assuming increased 
burden losing their entire in- 
vestment. 


This Society cannot afford enter 
into association which might 
responsible for the financial fail- 
ure others, without adequate pro- 
tection, which has not yet been 
assured. This seems possible 
danger account the present 
difference the financial standing 
the four national organizations. 
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‘The Board Direction recommends the Annual the adoption 
the following resolutions: 


(1) Resolved, That the Board Direction instructed issue letter- 
ballot, canvassed the Meeting the Society, March 2d, 1904, 
the question whether this Society shall become one the CONSTITUENT 
SOCIETIES the occupancy and control the proposed UNION 
ENGINEERING BUILDING, under the terms outlined the Joint Con- 
ference Committee. 

(2) Resolved, That should majority the votes cast favorable, the 
Board authorized proceed the matter, provided the exemption from 
taxation the proposed building assured, and the interests the Society 
are otherwise fully safe-guarded. 


order the Board Direction. 


CHAS. WARREN HUNT, 


Secretary. 
New York, 


JANUARY I6TH, 1904. 


For action taken the Annual Meeting, see 72. 
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ACCESSIONS THE LIBRARY. 
From February 9th, 1904. 
DONATIONS.* 


GEAR DEVICES. 


Showing the Development the Screw-Cutting Lathe and the 
Methods Obtaining Various Pitches Threads. Oscar 


Perrigo. Cloth, 8x6 ins., pp., illus. New York. The Derry- 
Collard Company, 1903. $1.00. 


Some time ago the author had occasion make examination the subject 
change gears for engine lathes and the development the devices for this purpose, 
represented the existing patents which have been granted for the 
result now published that may serve book reference. Most 
the matter has been published the Machinery. There were one hundred 
and sixty-four patents examined, and out this mass, twenty-nine were selected 
bearing directly upon the change gear problem, the others being for forms variable 
speed devices and similar inventions, not properly coming under the head the evolu- 
tion the change gear. These twenty-nine patents have been described, their special 
distinguishing features illustrated and compared manner which, hoped, will 


useful those who may interested this field mechanical development. 
‘There index three pages. 


FREE-HAND LETTERING. 


Being Treatise Plain Lettering from the Practical 
for Use Engineering Schools and Colleges. Victor Wilson. 


‘Cloth, 9x6 ins., pp., plates. New York, John Wiley Sons, 
1903. 


The author’s object cultivate the conception that all lettering design, that any 
mathematical mechanical attempt treatment entirely impracticable ordinary 
work. Emphasis laid upon attaining facility the free single-stroke letter used 
working drawings, careful analysis the stroking and practical points about the 
handling pen and adescription and illustration variety styles from which 
choose. The chapter upon the design letters, which hoped, will afford matter 
interest the student, not intended form part regular course study, but 
for occasional reference only. Footnotes have been added number the plates, 
summarizing the chief points about them, also references are printed under 
each plate, covering all the places which each discussed the text. The Contents 
are: The Construction Roman and Gothic Letters; Spacing; The Use the Pen and 
Off-hand Lettering; Design Lines and Titles; Lettering for Various Technical 


Purposes, Including Photo-reproduction The Design Mechanical Aids 
Lettering. 


DESIGN. 


Fastenings. William Ledyard Cathcart. Cloth, 9x6 


ins., pp., illus. New York, Van Nostrand Company, 1903. 
$3.00. 


The preface states that the main purpose this book present, compact 
form for the useof the student and designer, modern American data from the best 
practice the branch Machine Design, which the work refers. The theoretical 
treatment the subject has also been given; but this has been done for completeness 
only, since that field, the author believes, has been covered able writers. The chap- 
ter headings are: Shrinkage and Pressure Joints; Screw Fastenings; Riveted Joints: 
Theory and Riveted Joints: Tests and Data from Practice; Keyed Joints; 
Pin Joints. There index five pages. 


ELEMENTARY COURSE THE INTEGRAL CALCULUS. 


Daniel Alexander Murray. ins., pp., 
New York, Cincinnati, Chicago, American Book Company. $2.00. 


The Contents are: Integration, Process Summation: Integration, the Inverse 
Differentiation; Fundamental Rules and Methods Integration; Geometrical Applica- 


Unless otherwise specified books this list have been donated the Library 


‘the publishers. 
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tions the Calculus; Rational Fractions; Functions; Integrations Trigo- 
nometric and Exponential Functions; Successive Integration; Multiple Integrals; Fur- 
ther Geometrical Applications; Mean Values; Applications Mechanics; Approximate 
Integration; Integration Means Series; Integration Means the Measure- 


ment Areas; Integral Curves; Ordinary Differential Equations; Appendix. There 
index five pages. 


DIFFERENTIAL AND INTEGRAL CALCULUS. 


Virgil Snyder and John Irwin Hutchinson. Cloth, 8x6 ins., 


16+320 pp. New York, Cincinnati, Chicago, American Book Com- 
pany. $2.00. 


The Contents are: Fundamental Principles; Differentiation the Elementary 
Forms; Successive Differentiation; Expansion Functions; Intermediate Forms; Mode 
Variation Functions One Variable; Rates and Differentials; Differentiation 
Functions Two Variables; Change the Variable; Tangents and Normals; Polar Co- 
Derivative Arc, Area, Volume and Surface Revolution; Asymptotes; 
Determination Asymptotes; Direction Bending; Points Inflexion; Contact and 
Curvature; Evolutes and Involutes; Singular Points; Envelopes; General Principles 
Integration; Reduction Formulas; Rational Integrations 
Rationalization; Integration Trigonometric and other Transcendental 


Integration Summation; Geometrical Applications; Successive Integration. There 


ELEMENTS THE DIFFERENTIAL CALCULUS. 


James McMahon and Virgil Snyder. 


$2.00. 


The Contents are: Fundamental Principles; Differentiation the Elementary 
Forms; Successive Differentiation; Expansion Functions: Intermediate Forms; Mode 
Variation Functions One Variable; Rates and Differentials; Determination 
Functions More than One Variable; Suecessive Partial Differentiation; Maxima and. 
Minima Functions Two Variables; Change the Variable; Tangents and Normals; 
Derivative Arc, Area, Volume and Surface Revolution; Asymptotes; Direction 
Bending; Points Inflexion; Contact and Curvature; Evolutes and Involutes; 
Singular Points; Curve Tracing; Envelopes. Thereis index two pages. 


Cloth, 8x6 ins., 
New York, Chicago, American Book Company. 


Gifts have also been received from the following: 


Allen, Kenneth. New South Wales—Ry. Commrs. pam. 
Am. Soc. Mech. Engrs. bound vol. Nichols, Charles bound vol. 

Ariz.—Agri. Exper. Station. pam. North, Edward bound vol. 
Boecklin, Werner, pam. Philadelphia, Pa.—Mayor. bound vol. 


Philadelphia Commercial Museum. 
Boston, Lib. vol. 


pam. 
British Fire 42pam. Rivers Dept. 


Buffalo, Y.—Bureau Water. pam. 
Cambridge, Mass.—Water Board. Soc. New South Wales. bound 
Carnegie pam. vol 


Colo.—Agri. Exper. Station. 
Conn.—R. Commrs. bound vol. 
Fisher, Edwin pam. 

Fletcher, Robert. vol. 

Gaudard, 

Geographical Soc. Philadelphia. 
Great Britain—Patent Office. pam. 

Alexander. pam. 
Humphreys, David bound vol. 


Inst. Civ. Engrs. 
Md.—Geol. Surv. 


Mass.—Harbor and Land Commrs. 
bound vol. 


Board Health. 
vol. 


bound 


San Francisco, Cal.—Board Supervis- 
ors. 1bound vol. 

Soper, George pam. 

South Eastern Ry. Co. pam. 

Spearin Preston. vol. 

Stone, Herbert bound vol. 

Bureau Labor. pam. 

Bureau Navigation. vol. 

Bureau Yards and Docks. 


pam. 

Weather Bureau. bound vol. 

Waddell, Montgome pam., vol. 
Worcester Polytechnic Inst. 


: 
. 
q 
7 
F 
4 
| 
q 
| 
q 
q 


110 ACCESSIONS THE LIBRARY. [Society 


PURCHASE. 


The Dynamo: Its Theory, Design, and Manufacture. 
Hawkins and Wallis. Third Edition, Revised and Enlarged. New 
York, The Macmillan Co., 1903. 


Electric Traction. Practical Handbook the Application 
Electricity Locomotive Power. John Hall Rider. London, 
Whittaker Co., New York, 1903. 


Handbook Electrical Laboratory and Testing Room. 
Fleming. Vol. II. New York, Van Nostrand Company; London, 
The Electrician Printing and Publishing Company. 


History American Steam Navigation. John Morrison. 
New York, Sametz Co., Inc., 1903. 


The Steam Turbine. Robert Neilson. Second Edition, Re- 
vised and Enlarged. Longmans, Green, Co., London, New York and 
Bombay, 1903. 


Liquid Fuel and Its Combustion. Wm. Booth. New York, 
Duton Co., 1904. 


Machine Design. Part Form, Strength, and Proportions 
Parts. Forrest Jones. Third Edition, Revised. New York, 
John Wiley Sons; London, Chapman Hall, Limited, 1904. 


Technical Mechanics. Edward Maurer. New York, John 
Wiley Sons; London, Chapman Hall, Limited, 1903. 


Treatise Friction and Lost Work Machinery and Mill- 
work. Robert Thurston. Seventh Edition. New York, John 
Wiley Sons; London, Chapman Hall, Limited, 1904. 


Die Entwickelung des Niederrheinisch-Westfalischen Stein- 
kohlen-Bergbaues der zweiten Hilfte Jahrhunderts. Heraus- 
gegeben vom Verein fiir die bergbaulichen Interessen Oberberg- 
amtsbezirk Dortmund Gemeinschaft mit der 
Berggewerkschaftskasse und dem Kohlen- 
syndikat. Vol. 2-6. Berlin, Julius Springer, 1902-03. 


Ore Dressing. Robert Richards. vol. New York and 
London, The Engineering and Mining Journal, 1903. 


Infection and Immunity, with Special Reference the Preven- 
tion Infectious Diseases. George Sternberg. Put- 
nam’s Sons, New York 1903. 


Industrial Uses Water. Coux. Translated from 
the French and Revised Arthur Morris. London, Scott, Green- 
wood Co.; New York, Van Nostrand Co., 1903. 


SUMMARY ACCESSIONS. 
January 13th February 9th, 1904. 


Donations (including duplicates)................ 158 
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MEMBERSHIP. 


ADDITIONS. 


MEMBERS. 


Hewes, Care, Lewinson Just, 128 West 42d 


Board Water Commrs., 232 Jefferson Assoc. 
Ave., Detroit, Mich........... 

Lyon, Deputy Water Commr., Municipal 


New York City 
Ross, Farmers Bank Bldg., Pittsburg, Pa... 


Epwarp. Box 3198, Boston, Mass... 
Harrison. 4435 Sansom St., Philadelphia, ..... 
City Engr., 701 Yesler Way, 
Engr. Office, Wheeling, 


ASSOCIATE MEMBERS. 


SHERBURNE. Assoc. Prof. Civ. Eng., 
Burrowes, Harry Res. Engr., Atlantic 
Epwarp Corman. (Swinburne Clark), 156 Fifth 
Asst. Engr., Dept. Bridges, Jun. 
213 West 136th St., New York City Assoc. 
Broadway, New York City... 
Cons. and Contr. Jun. 
Engr., Hamilton Pl., Boston, Mass Assoc. 


(Res., 3606 Bevis Station H), Cincin- Jun. 
Assoc. 
nati, Ohio 
Engr. Office, New London, Conn............... 
South 10th St., Brooklyn, Y........ 
West 26th St., New York City. 


111 
Date 

Membership. 
June 1893 
Oct. 1898 
Feb. 1904 
Feb. 1904 
May 31, 1898 
April 1900 
Jan, 1904 
Feb. 1904 
Jan. 1890 
April 1897 
Jan. 1904 
Dec. 1903 
Feb. 1904 
Jan. 1904 
Dec. 1903 
Feb. 1904 
Jan. 1904 
Feb. 1904 
Sept. 1902 
Feb. 1904 
Feb. 1904 
Mar. 1896 
Jan. 1904 
Feb. 1904 
Dec. 1898 
Jan. 1904 
Mar. 1901 
Feb. 1904 
Feb. 1904 
Feb. 1904 
Jan. 1904 
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Date 
Membership. 
Geological Survey, West St., Utica, Y........... Jan. 1904 
Maverick. Engr., Ry. Appliances Co., 1175 
THomson, ALEXANDER, Jr. Asst. Engr., Rapid 
Transit Comm., Court Sq. (Res. Dec. 
Quincy St.), Brooklyn, Assoc. Feb. 1904 
Vinton, Secy. and Treas., Tucker 
Vinton, 156 Fifth Ave., New York City 


ASSOCIATES. 
Pres., Expanded Metal Eng. Co., 
206 Now York Feb. 1904 
JUNIORS. 

Westminster St., Providence, Jan. 1904 
Gustavo. 1534 St., W., Washing- 

28th St., New York City...... Feb. 1904 

PLOGSTED, WaLTER Yale, Oct. 1903 

West 34th St., New York City Feb. 1904 

Henry St. and Chf. 

Draftsman, The Guerber Eng. Co. (211 New St.), 

RESIGNATIONS. 
Date 
Resignation. 
DEATHS. 
THOMPSON..... Elected Associate Member, December 4th, 
1895; died July 25, 1901. 
RosENZWEIG, Elected Junior, June 7th, 1882; Member, 
January 4th, died January 13th, 
1904. 
Elected Member, November 7th, 1888; 
died February 7th, 1904. 
MELLON......... Elected Member, October 7th, 1903; died 


January 25th, 1904. 
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MONTHLY LIST RECENT ENGINEERING ARTICLES 
INTEREST. 


(January 13th February 8th, 1904.) 


This list published for the purpose placing before the members 
the Society the titles current engineering articles, which can referred 
any available engineering library, can procured addressing 
the publication directly, the address and price being given wherever 


possible. 


LIST PUBLICATIONS, 
the subjoined list articles references are given the number pre- 


fixed each journalin this list. 


(1) Journal, Assoc. Eng. Soc., 257 South 
Fourth St.,Philadelphia, Pa., 30c. 

(2) Proceedings, Engrs. Club Phila., 
1122 Girard St., Philadelphia, Pa. 

(3) Journal, Franklin Inst., Philadel- 
phia, Pa., 50c. 

(4) Journal, Western Soc. Engrs., Mo- 
nadnock Block, Chicago, 

(5) Soc. E., Mon- 
treal, Que., Canada. 

(6) School Mines Quarterly, Columbia 
Univ., New York City, 50c. 

(7) Technology Quarterly, Mass. Inst. 
Tech., Boston, Mass., 75c. 

(8) Stevens Institute Indicator, Stevens 
Inst., Hoboken, J., 

(9) Engineering Magazine, New York 
City, 25c. 

(10) Magazine, New York City, 


(11) Engineering (London), Wiley, 
New York City, 25c. 
(12) The International 
News Co., New York City, 
(13) News, New York City, 


(14) The Engineering Record, New York 
City, 


y, lec. ; 
(15) Gazette, New York City, 

(16) Engineering and Mining Journal, 
New York City, 15c. 

(17) Street Railway Journal, New York 
City, 

(18) Railway and Engineering Review, 
Chicago, 

(19) Scientific American Supplement, New 
York City, 

(20) Iron Age, New York City, 

(a1) Railway Engineer, London, Eng- 
land, 25c. 

(22) Iron and Coal Trades Review, Lon- 
doa, England, 25c. 

(a3) Bulletin, American Iron and Steel 
Assoc., Philadelphia, Pa. 

(24) American Gas Light Journal, New 
York City, 

(as) Engineer, New York City, 


(26) Electrical Review, London, England. 

(27) Electrical World and Engineer, New 
York City, 10c. 

(28) Journal, New England Water-Works 
Assoc., Boston, $1. 

(29) Journal, Society Arts, London, 
England, 15c. 


(30) Annales des Travaux Publics 


Belgique, Brussels, Belgium. 
(31) Annales del’ Assoc. des Ing. Sortis 
des Ecole Snéciales Gand, Brus- 
sels, Belgium. 
(32) Mémoires Compte Rendu des Tra- 
Soc. Ing. Civ. France, 
Paris, France. 


(33) Génie Paris, France. 

(34) Portefeuille Economique des Ma- 
chines, Paris, France. 

Nouvelles Annales Construc- 
tion, Paris, France. 

(36) Revue Technique, Paris, France, 

(37) Revue Mécanique, Paris, France. 

(38) Revue Générale des Chemins Fer 
des Tramways, Paris, France. 

(39) Master Mechanic, Chicago, 

(40) Railway Age, Chicago, 10c. 

(41) Modern Machinery ,Chicago, 

(42) Transactions, Elec. Engrs., 
New York City, 50c. 

(43) Annales des Ponts Chaussées, 
Paris, France. 

(44) Journal, Military Service Institu- 
tion, Island, New York 
Harbor, 50c. 

(45) and Minerals, Scranton, Pa., 

(46) American, New York City, 


(47) Mechanical Engineer, Manchester, 
England. 

Transactions, Am. Soc. E., New 
York City, $5. 

Transactions, Am. Soc. E., New 
York City, $10. 

(56) Transactions, Am. Inst. Min. Engrs., 
New York City, $5. 

(57) Colliery Guardian, London, England. 

(58) Proceedings, Eng. Soc. Pa., 410 
Penn Ave., Pittsburg, Pa., 50c. 

Transactions, Mining Inst. Scot- 
land, London and Newcastle-upon- 
Tyne. 

(60) Municipal Engineering, Indianap- 
olis, Ind., 25c. 

(61) Proceedings, Western Railway Club, 
225 Dearborn St., Chicago, 25c. 

(62) American Manufacturer and Iron 
World, Ninth St., Pittsburg, Pa. 

(63) Minutes Proceedings, Inst. 
London, England. 

(64) Power, New York City, 20c. 

(65) Official Proceedings, New York 
road Club, Brooklyn, Y., 

(66) Journal Gas Lighting, London, 
England, 15c. 

(67) Cement and Engineering News, Chi- 
cago, 

(68) Mining Journal, London, England. 

(69) Mill Owners, New York City, 

(70) Review, New York City, 


Journal, Tron and Steel Inst., London, 
England. 
(73) Electrician, London, England, 18c. 


(74) Transactions, Inst. Min. and 
Metal., London, England. 
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LIST ARTICLES. 
Bridge. 


Beams with Variable Moments Inertia. Hudson, Am. Soc. 
(54) Voi. 51. 

Loadings for Railroad Bridges. Discussion. (54) Vol. 51. 

The Assimilation Railway Practice Respect Loads Bridges 200 Feet 
Alexander Ross, (63) Sup., Vol. 154. 

Unusual Bridge Accident.* (13) Jan. 14. 

Reinforced Concrete Arch Bridge over the Yellowstone River, Yellowstone National 
Park.* Chittenden. (13) Jan. 14. 

Details the Williamsburg Bridge Towers.* (14) Jan. 16. 

French Cantilever Bridge without Suspended Span. (14) Jan. 16. 

the Brooklyn Bridge.* (Report Gustav Lindenthal.) 
(19) Jan. 16. 

The Point Bridge Pittsburg, Pa., Which Must Rebuilt.* (13) Jan. 21. 

Concrete Arch Bridge with Spandril Arches.* (12) Jan. 22. 

The Manhattan Bridge across the East River.* (46) Jan. 23. 

The New Stone Arch Bridge 295 Ft. Span Plauen, Saxony.* (13) 28. 
The Des Moines River Viaduct the Chicago Great Western Railway.* (14) Serial 
beginning Jan. 30. 
Types Concrete Steel Arch Bridges. Daniel B.Luten. (Paper read before the Indiana 
(18) Jan. 30. 
the Globe Island Sydney, New South Wales.* John Plummer. 

(19) Feb. 6. 
and Specifications for Four-Truss Double-Deck Railroad Bridge.* (14) 


Pont Troitsky sur Néva Petersbourg.* Bodin. (33) Jan. 23. 
Electrical. 


Wireless Telegraphy. Edmund A.N. Pochin. (63) Sup., Vol. 154. 

Transmission and Distribution Single-phase Alternating Current. Monkhouse, 

Graphic Recording Ammeter.* A.H. Armstrong. (42) Nov. 

The Comparative Behavior Floating and Booster-Controlled Batteries Fluctuating 
Loads.* Lamar Lyndon. (42) Nov. 

The Electrical Conductivity Commercial Copper.* Lawrence Addicks. (42) Nov. 

Electricity the Bottle Industry.* R.M. Hopkins. (69) Jan. 

Stepney Borough Council Electricity Works.* (73) Jan. 

The System Magneto Ignition for Internal Combustion Engines.* (73) 


an. 

The Localization Breaks Submarine Cables. (26) Jan. 

Rolling Mill Directly Driven Electric Motors. (13) Jan. 14. 

New Potentiometer. Clark Fisher. (73) Jan. 15. 

Emergency Master Switch for Central Stations. W.M.Thornton. (73) Jan. 15. 
Swindon Corporation Electricity Supply Works.* (26) Jan. 15. 

Electricity Cotton Mill.* (26) Jan. 15. 

Testing Large Alternators. Burnand. (73) Jan. 15. 

Critical Review Electrostriction. Louis More. (27) Jan. 16. 

Blockmann Radio-Telegraph System.* Frederick Collins. (27) Jan. 16. 
Measurement Current Copper Voltameter. Dickson. (27) Jan. 16. 
Single-Phase Condenser Motor.* (27) Jan. 16. 

Grounded Neutral. R.S. Hale. (27) Jan. 16; (24) Jan. 25. 

The Forest Wireless Tests across the Irish Channel.* (46) Jan. 16. 

The Lorimer Automatic Telephone System.* (27) Jan. 16. 

The Use Concrete Blocks Manhole Construction.* Hugh Baker, Jr. (13) 


an. 21. 

Lamme’s Single-Phase Motor Patent. (73) Jan. 22. 

Electric Power Queensland Railway Workshops.* (73) Jan. 22. 

the Magnetic Dispersion Induction Motors, and Its Influence the Design 
These Machines. Hans Behn-Eschenburg. (Abstract Paper read before the 
Inst. Elec. Engrs.) (73) Serial beginning Jan. 22. 

Three-Phase Working with Special Reference the Dublin System.* William Drew. 
(Paper read before the Inst. Elec. Engrs.) (73) Serial beginning Jan. 22. 

The Transformation Thermochemical Energy into Voltaic Energy Electromotive 
Force. Tommasi. (26) Jan. 22. 

Photographing Alternating-Current Wave Form.* (27) 

23. 

Coal Consumption Central Stations. Alfred S.Giles. (Abstract Paper read before 
the Inst. Elec. Engrs.) (73) (47) Jan. 23. 

The Choice Air Gap Diameter for Induction Motors. H.M. Hobart. (27) Jan. 23. 

The Electric Drive Modern Machine Shop.* (27) Jan. 23. 

Telephone Exchange Grand Rapids, Mich.* Edward Hart. 

27) Jan. 23. 

Electrical Foucault Pendulum Systems.* Ernest Adams. (27) Jan. 30. 

Electric Heating Equipment Modern Hat Factory.* Max Loewenthal. (27) Jan. 30. 

Electric Pumping Plant Mobile, Ala.* (14) Jan. 30. 
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Electrical—(Continued). 


The Theoretical Determination Power Curves. William Berry. (27) Jan. 30. 

Hookham’s Prepayment Electricity Meter.* (47) Jan. 

The Siskiyou Power Transmission.* (27) Jan. 30. 

The Individual Application Electric Motors Machinery, with Rules for Determin- 
ing the Size Motors. William Cooper. (10) Feb. 

Construction and Maintenance Electric Wires. (Abstract Paper read before the 
Amer. Soc, Mun. Improvements.) (60) Feb. 
Some Operated Cranesfor Railway and Harbor Work.* Frank Perkins. 

(41) Feb. 
Portable Electric Drilling and Riveting Machines.* Frank Perkins. (10) Feb. 


Marine. 


Drilled versus Punched Rivet-Holes the Hulls Steel Ships. Yarrow, Inst. 
(63) Sup., 

John List, (63) Sup., Vol. 154. 

Marine Propellers with Non-Reversible Engines and Internal-Combustion Engines.* 
Rankin Kennedy. (Paper read before the Inst. Engrs. and Shipbuilders 
Scotland.) (47) Jan. 

The Chilian Battle-ship Libertad.* (11) Jan. 15. 

New Method Coaling War Vessels Sea. (13) Jan. 21. 

Air Valve for Regulating the Time Passing through Air Lock; Used the Kiel 
Dry-Dock Construction.* (13) Jan. 21. 

New Japanese Armored Cruisers Kasaga and Niasin.* (46) Jan. 23. 

The Mietz Weiss Two-Cylinder Marine Kerosene Engine.* (20) Jan. 28. 

Bay Coaling Plant.* (14) Jan. 30. 

Attaque Défense des Cotes Moyen des Torpilles.* Noalhat. (36) Serial 
beginning Jan. 10. 


Mechanical. 


Theory Centrifugal Pumps and Fans: Analysis Their Action, with Suggestions for 
Designs.* Elmo Harris, Am. (54) Vol. 51. 

(63) Vol. 154. 

Speeds Overhead and Other Cranes for the Economic Handling Material. Archibald 
Potter Head, (63) Sup., Vol. 154. 

Steam Turbines. Prof. Rateau. (63) Sup., Vol. 154. 

The Use Petrol Motors for Locomotion. Sauvage. (63) Sup., Vol. 154. 

Mechanical Draft. Brown, Am. Soc. (69) Nov. 

Modern Fuel Economy. George Walsh. (69) Nov. 

The Drive Machine Tools.* Charles (69) Nov. 

The Condenser.* J.J. Brown, Am. Soc. (69) Dec. 

The Modern Factory Light. Fred Davis. (69) Dec. 

Improved Mechanical Stoking. (69) Jan. 

The Evolution the Rotary Kiln. Benton Lyon. (67) Jan. 

The Harrisburg Engine System.* (69) Jan. 

The Steam Superheater.* John Primrose. (69) Jan. 

The Siemens Electrical Pyrometer.* (22) 

Modern American Foundry.* (12) Jan. 

Coal Screening and Washing Plant German Colliery.* (57) (22) Jan. 

Merchant Bar Mill the International Harvester Company.* (22) Jan. 

The Design Steam Turbine Frank Foster. (12) Jan. 

an. 

Steel Castings.* Arthur Simonson. (47) 

The Design Speed Cones, Gears, &c., for Machine Tools; Give Speeds Geomet- 
rical Progression. (47) Jan. 

Two-Cylinder Portable Steam Air Motor.* (20) Jan. 14. 

Brick Making Plant the Western Brick Co., Danville, (13) Jan. 14. 

Handling Plant the New York Rapid Transit Power House.* (13) 


an. 14. 

The Brown Sharpe No. 2-A Universal Milling Machine, Motor Driven.* (20) Jan. 

Traveling Inverted Pillar Crane.* (12) Jan. 15. 

New Centrifugal Pump for High Lifts.* (19) Jan. 16. 

The Barton 150-Horsepower Airship’s Forthcoming Trial Trip.* (46) Jan. 16. 

The Production Gas for Gas Engines* (17) Jan. 16. 

Transporting the Mills the Bronson Portland Cement Co.* 

13) Jan. 

The Adriance New Style Drawing Press.* (20) Jan. 21. 

The Pilling Air Engine and Hoist.* (20) Jan. 21. 

Two New Machine Tools for Working Steel Plate and Structural Shapes.* Jan. 21. 

Notes the Design Rolls.* Emil Kirchberg. (From Stahl (22) Jan. 22. 

Coal Consumption Central Stations. Alfred (Abstract Paper read before 
the Inst. Flec. Engrs.) (73) Jan. 22; (47) Jan. 


Tilustrated. 
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Mechanical—(Continued). 


Gear Compressor for the St. Louis Exposition.* (14) Jan. 23; (20) 

an. 

Air Compressors for St. Louis Exposition.* (18) Jan, 23. 

Compressed Air Plant, St. Louis Exposition.* (40) Jan. 23. 

Design for Gasoline Motor.* J.C. Brocksmith. (47) Jan. 23. 

High-Power Westinghouse-Parsons Steam Turbines.* (40) Jan. 23. 

The Electric Drive Applied Modern Machine Shop.* (27) Jan. 

New Economy for Gas Works: Firebrick Making the Crystal Palace 
District Gas Company’s Works.* (24) Jan. 25. 

The Economic Admission Steam Water Gas Producers the Lowe 
M’Kee. (Paper read betore the Soc. Chemical Industry.) (24) Jan. 25. 

New Retort Plant.* Ernst (20) Jan. 28. 

Substitute for Looped Hose Traveling Air Hoists.* (20) Jan. 28. 

Alteration Furnace-Gases.* (62) Jan. 28. 

Cheap Hoisting Appliance.* (62) Jan. 28. 

King. (Abstract Paper read before the Indiana Eng. Soc.) 

13) Jan. 28. 

The Norton New 14-Foot Grinding Machine.* (20) Jan.28. 

The Sand-Lime Brick Industry this Country.* (20) Jan. 28. 

Automobiles.* (46) Jan. 30. 

Electric Pumping Piant Mobile, Ala.* (14) Jan. 30. 

Frenchman’s Bay Plant.* (14) Jan. 30. 

High-Pressure Gas Distribution Gas Power. (14) Jan. 30. 

Mond Gas.*. Humboldt Sexton. (47) Jan. 30. 

The Edison Port'and Cement Works.* (19) Serial beginning Jan. 30. 

The Paris Automobile Show.* (19) Serial beginning Jan. 30. 

Crossley’s Gas Producer for Bituminous Coal.* (64) Feb. 

High-Power Steam Turbines.* (41) Feb.; (64) Feb. 

Progress the Efficiency the Combustion Motor.* Edward Warren. (9) 

eb. 

Mechanical and Commercial Aspects the Alcohol Motor.* Henri Dupays. Feb. 

Motor-Driven Machine Tools Planer Driving Electric Motors.* (25) Feb. 

The Hebb Coke-Drawing Machine.* Feb. 

Blowing Engine the Calumet and Hecla Mines.* Joseph Soddy. (64) 


eb. 

The Power Plant and Mechanical Equipment Apartment Houses. Percival Robert 
Moses. (9) Feb. 

Gas Engines.* Emile Guarini. (64) Feb. 

Remarkable High-Speed Four-Valve Engine.* (64) Feb. 

Utilization Sulphur Gas Works. (24) 

Sectional Multiple Block Wire Bench.* (20) Feb. 

Very Large Automatic Gear Cutting Machine. (20) Feb. 

Special Machine Tools the Corliss Shops.* (20) Feb. 

Acetylene Gas Generating Apparatus for Fort McPherson, Ga. 
(13) Feb. 

The Deschamps Down Draft Gas Producer.* (20) Feb. 

‘The Perkins Air Cylinder Gas Engine.* (20) Feb. 

The Manufacture Welded Pipe.* Victor Beutner. (20) Serial beginning Feb. 

Foundry Floor Crane.* (40) Feb. 

Gas Engines Railroad Work. Feb. 

Steam the Tileston Hollingsworth Company.* (14) Feb. 

‘The New Worthington Hydraulic Works Harrison, (14) Serial be- 
ginning Feb. 

The Power Equipment the Sackett Wilhelms Lithographing Printing Company.* 
(14) Serial beginning Feb. 

System Inclined Retorts England.* (24) Serial beginning 


eb. 
Boucher. (33) Jan. 
Les Moteurs Gaz Pauvre. Abraham. (36) Serial beginning Jan. 10. 
Les Progrés Automobilisme Drouin. (33) Serial beginning Jan. 16. 


Metallurgical. 
Iron, Manganese and Nickel. Hadfield, (63) Sup., Vol. 


Crystallization Mild Steel and Wrought Iron.* Arnold. (63) 

up., Vol. 154. 

The Continuous Production Open-Hearth Steel from Molten Blast-Furnace Metal. 
Benjamin Talbot. (63) Sup., Vol. 154. 

The Equalization Hot-Blast for Blast-Furnaces.* Joseph Hutchinson 
Harrison, Inst. (63) Sup., Vol. 154. 

Notes the Metallurgy Copper Montana. Hofman. (7) Dec. 

Ore Dressing the Mechanical Preparation Ores. Robert Richards. (7) Dec. 

The Physical Structure Metals and Alloys.* Kessler, Jr. (Abstract Paper 
read before the Engineers’ Club St. Louis.) (1) Dee. 
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Metallurgical—( Continued). 

Side Blow Converters. (Paper read before the Philadelphia Foundry- 
men’s Assoc.) Jan. 14. 

The Electric Smelting Iron and Steel.* (22) Jan. 15. 

Thermit: Its Value Motive Power Repairs. (18) Jan. 16. 

Hearth Area and the Number Tuyeres Blast Furnace Practice. (62) Jan. 21. 

The Delprat Salt-Cake Process for Mixed Sulphides. Donald Clark. (16) Jan. 21. 

Sixth Report the Alloys Research Committee the Heat Treatment Steel. (Read 
the Inst. Mech. Engrs.) Serial beginning Jan. 22; abstract (12) 

The Heat Treatment Roberts-Austen and William Gowland. (47) 
Serial beginning Jan. 

Improvements Alfred James. (16) Jan. 28. 

The Platz Method Calculating Furnace Burdens. (20) Jan. 28. 

Magnetic Alloys Unmagnetic Metals. (20) Jan. 

New Reheating Furrace.* (20) Jan. 28. 

Notes Cupolas and Cast Iron. Morehead. (Abstract Paper read before the 
Rugby Eng. Soc.) (47) Jan. 30. 


Recent and Discoveries Cast Iron.* Alexander Outerbridge, Jr. 
(3) 


Castings. Knox. (62) Feb. 


The Baby Bessemer Works and Their Costs. Ludwig Unckenbolt. (From Stahl und 
(62) Feb. 


Light Aluminum Alloys. (19) Feb. 
Mining. 


Percussion Cutters. Sir Thomas Wrightson, Inst. E., and John Morison, 
(63) Sup., Vol. 154. 

Coal Screening and Washing Plant German (57) Jan. (22) Jan. 

Gold Dredging.* Winter Taylor. (16) 

Galleries for Testing Germany and Belgium.* (57) 


Iron Shaft Fittings with Cage Guides One Side.* (57) Jan. 15. 

(Paper read before the Transcontinental Min. (19) Jan. 16. 

Testing Caps Detonators the Laboratory.* Warw (45) Feb. 

The Spraying Watering Problems. James Ashworth. (45) 


Mine Ventilation. (Paper read before the Min, Inst. Western 
Pennsylvania.) (45) Feb. 


Mechanical Devices Coal Mines.* Logan. (Paper read before the Central 
Min. Inst. Western Pennsylvania. (45) Feb. 
Testing Explosives Germany and Belgium.* (62) Feb. 


Miscellaneous. 


The Metric System. Charles. Hauss. (70) Jan. 
Caisson Disease and Safety Apparatus for Pneumatic Caisson Locks.* (14) Jan. 23. 


Municipal. 


Example Thin Macadam Road Construction along the Charles River, Mass.* 
Albert Holmes. (13) Jan. 14. 


New Fire Fighting Service.* (20) Jan. 21. 
Paving Brick for Street Railway Track.* (13) Jan. 


The Bitulithic Pavement. Hoyt. Paper read before the Mich. Eng. 
Soc.) (60) Feb. 


Concrete Foundations and Cement Filler for Brick Pavements: Comparison 


Natural Cements and Portland. Gearheart. (Abstract Paper read before 
the Ill. Soc. Engrs. and Surveyors.) (13) Feb. 


Chaussées dans Département Seine-et-Marne. (43) Trimestre, 


Goudronnage Petrolage des Routes. Feugeres. (35) Serial beginning Jan. 


Railroad. 


up., Vol. 


The and Locomotives for High ames Charles 
Inglis, (63) Sup., Vol. 154. 
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Railroad— (Continued). 
and Operation Division and Tide-Water Terminals.* Bardo. (65) 


Duplex Valve Gear, London and North-Western Railway.* (12) Jan. 

Electrification the Liverpool, Southport and Crossens Section the Lancashire and 
Yorkshire Railway.* (11) Jan. (17) Jan. 30. 

Prussian State Railway Locomotives. (Abstracts from the Specifications the Prus- 
sian State Railways.) (11) 

Steam Motor-Carfor the Taff Vale Railway.* (11) 

Atlantic Type Passenger Locomotive for the North-Eastern Railway.* (47) Jan. 


Machine; the Pneumatic Signal Co.’s All-Electric Machine.* (13) 
an. 


Track Plans for the Washington Union Station.* Jan. 15. 

Seaboard Air Line Shops Portsmouth, Va.* (40) Jan. 15. 

Locomotive Operation Technical and Practical Analysis.* Henderson, Am. 
Soc. (40) Jan. 15. 

New Express Engines North-Eastern Railway.* (12) Jan. 15. 

The Ventilation Some Continental Tunnels.* (12) Serial beginning Jan. 15. 

Installation Coughlin-Sanford Swing-Rail Frog and Switch Point Lock the 
(18) Jan. 16. 

The Pennsylvania Tunnel New York City.* (46) Jan. 16. 

Locomotive Counterbalancing.* (47) Jan. 16. 

Notes Early Canadian Transcontinental Railway Projects. (13) Jan. 21. 

Complete Journal Box.* (18) Jan. 23; (40) Jan. 22. 

British Locomotive Work Charles (12) Jan. 22. 

Compound Goods Locomotive, Saxony State Railways.* (12) Serial beginning Jan. 22. 

The Scheinig-Hofmann Shoe Rail-Joints.* (11) Jan. 22. 

Telescopic Snow Sheds the Central Pacific.* Jan. 22. 
Baldwin Four-Cylinder Balanced Compound Locomotives for the Santa (15) Jan. 


22. 

Chesapeake Ohio Eight-Wheel Switching Locomotive.* Jan. 23. 

Railroad Car Heating Steam and Compressed Air.* (47) Jan. 23. 

Electro-Pneumatic Railway System.* (47) Serial beginning 

23. 

Electrification the Northeastern England.* (40) 23. 

Higher Braking Power for Freight Cars. Robert Blackall. (Paper read before the 
Railway Club (18) 23. 

Heavy Goods Engine for the Bengal-Nagpur Railway.* (19) Jan. 23. 

The Pressure Retaining Valve: Its Value and Importance.* Parke. (15) 29. 

Side-Bearing Trucks.* Knox. (40) Jan. 29. 

Big Four Revision between Cincinnati and Sunman.* (40) 29. 

Switching Locomotive for the Pennsylvania Lines.* Jan. 29. 

The Wabash Terminal the World’s Fair Grounds, St. Louis.* Jan. 29. 

Electrification English Steam Railway.* (27) Jan. 30. 

Simple Consolidation Locomotive for R.* (18) Jan. 30. 

Important New Terminal-Yard Lighting and Power Plant, Weehawken, (25) 
Serial beginning Feb. 

New 50-ton Box Car, with Structural Steel Underframe.* (25) Feb. 

Coal Chutes for Locomotives.* (25) Feb. 

Indicator Large Tandem Compound, Atchison, Topeka Santa Rail- 
way.* eb. 

Water Pacific Railway. (25) Feb. 

Locomotives for Special Service British Railways.* (9) Feb. 

Notes Railroad Construction from the Resident Engineers’ Standpoint. 
French, Assoc. Am. Soc. (Paper read before Iowa Eng. Soc.) (13) Feb. 
(14) Serial beginning Jan. 30. 

Flood Repairs the Lehigh Susquehanna Division the Central Railroad New 

All Cast-Iron Turn-Table.* Jas. Bennett. (16) Feb. 

Steel Coke Car Vanderbilt Design. (40) Feb. 

Grade Crossing Protection Between Steam and Electric Railways.* (40) Feb. 

The Maximum Economical Load for Locomotive. Noyes. (Abstract Paper 
read before the Pacific Coast Ry. Club.) (15) Feb. 

Consolidation Locomotive for the Central Railroad New Jersey.* (40) Feb. 

Gas Engines Railroad Work.* (15) Feb. 

Forty-Ton Coal Car with Steel Underframe.* (15) Feb. 

Indicateur-Enregistreur Vitesse pour Locomotives: Systéme Flaman. Morizot. 


(34) Jan. 
Voiture Automobile Vapeur Chemin Fer Nord. Félix Sartiaux 
and Koechlin. (38) Jan. 
Chauffage des Trains Réseau par Vapeur Comprimé Combinés.* 
Guerin. (33) Jan. 
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Railroad—(Continued). 


Frein Vis, Schmid, Actionné par Vide par Comprimé.* (33) 
Jan. 

Considérations sur Traction Electrique sur les Grandes Lignes Chemins 
Fer. Bonnin. (36) Serial beginning Jan. 10. 


Railroad, Street. 


The Position and Protection the Third Rail Electric Railways.* William Lang- 
don. (63) Sup., Vol. 154. 

The Relative Advantages Overhead, Deep-Level, and Shallow Subway Lines, for the 
Accommodation Urban Railway Traffic. Stephen Butler Cottrell, Inst. 
(63) Sup., Vol. 154. 

The Conditions Governing the Rise Temperature Electric Railway Motors 
Service. Cary Hutchinson. (42) Nov. 

New Surface-Contact System for Electric Tramways.* (73) Jan. 

London County Council Tramways.* (73) Serial beginning Jan. 15. 

The Surface-Contaet System.* (26) Jan. 15. 

Freight and Express Cars for Brooklyn Rapid Transit. (40) Jan. 15. 

Modern Electric Railway Power Plant, Canandaigua. (14) Jan. 16. 

Electric Interurban Western New York.* (17) Jan. 16. 

Convertible Parlor and Sleeping Car for Electric Railways.* (18) Jan. 16. 

Electric Power Queensland Railway Workshops.* (73) Jan. 22. 

Indianapolis and Northwestern Traction System.* (17) Jan. 23. 

the Interborough Rapid Transit Company, New York.* (14) Jan. 

Jan. 23. 

Application Single-Phase Alternating Current for Traction and Railway. 
Lamme. (19) Jan. 23. 

Single-Phase Car Equipment East Pittsburg.* (17) Jan. 

London’s New Tube Railway.* (15) Jan. 29. 

New Chicago Union Traction Cars.* (17) Jan. 30. 

the Power Equipment the Cleveland and Southwestern System.* 
(17) Jan. 30. 

The Conneaut Erie Interurban (17) Feb. 

The Third-Rail Shoe the Boston Elevated Railway.* (17) Feb. 

Addition Convertible Cars for the Washington Water Power Company.* 

17) Feb. 

Storage Air Brake System St. Louis.* (17) Feb. 

Water Tube Boilers English Tramway Stations.* (17) Feb. 

The Electric Railway System Feb. 

St. Louis Transit Company’s New Cars and (17) Feb. 

Note sur Qu’il Aurait Fixer Uniformément Cote Calage des Roues 
Mode d’Attelage Tous les Véhicules Circulant sur les Voies Métre.* 
Heude. (38) Jan. 

Traction avec Moteurs Monophasés.* Emile Dieudonné. (36) Jan. 10. 


Sanitary. 


Sewage Purification. Discussion. (54) Vol. 51. 

Bacterial Treatment Water and Sewage. Percy Frankland. (63) Sup., 

Utility Exhaust Heating System.* (69) Nov. 

Heating and Ventilating Factories.* (69) Nov. 

Description Hot Water Heating Apparatus the Schioldamn Institution, Copen- 
hagen, Denmark.* Reck. (70) Jan. 

Test Hot Air Heating Apparatus Using Radiators Instead Registers.* Geo. 
Aylsworth. (70) Jan. 

Figure Heating Work Accurately—With Table Showing the Losses British 
Thermal Units for Various Surfaces. Chas. Hauss. (70) Jan. 

Report Garbage Collection and Disposal St. Louis, Mo. (13) Jan. 14. 

System Hot-Water the Use Steam. (14) Jan. 16. 

Steam Heating from Central Station. (Abstract Paper read before 
the Indiana (13) Jan. 21; (24) Feb. (60) Feb. 

Concrete Blocks Manhole Construction.* Hugh Baker, Jr. (13) 

21. 

Caisson Disease and Safety Apparatus for Pneumatic Caisson Locks.* (14) Jan. 23. 

The Necessity Moisture Heated Carpenter. (Abstract Paper 
the Amer. Soc. Heating and Ventilating Engrs. (14) Jan. 23. 

Data for Calculating the Proportions Heating Systems. (14) 

an. 

Battery Furnace Residence Heating System.* Oldacre. (Abstract Paper 
Presented the Amer. Soc. Heating and VentiJating Engrs.) (14) Jan. 30. 

Rubbish Incineration New York City, and the Design for the New Stanton Street In- 

Filters versus Contact Beds Sewage Purification.* Shields. (Abstract Paper 
read before the Indiana (60) Feb. 

The Wear Sewer Inverts.* Hermann, Am. Soc. (13) Feb. 

Aération des Tunnels par Ventilation Mécanique: Systeme Saccardo. (35) Jan. 


Tilustrated. 
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Structural. 


The Fatigue Cement Products. Van Ornum, Am. Vol. 51. 

Investigation the Properties Brick, Under Different Physical Conditions.* 
Sherman Turrill, Assoc. Am. Soc. (54) Vol. 51. 

Timber Tests. Informal Discussion. (54) Vol. 51. 

Impervious Concrete. Discussion. (54) Vol. 51. 

the Natick, Mass., Reservoir with Concrete Roof.* Frank Fuller. (28) 


The Protection Steel from Corrosion. Charles Norton. (Extract from Rept. 
No. IX. the Ins. Eng. Exp. Station.) (13) Jan. 14. 

Graphical Determination Angles Skew Structural Work.* Wrentmore. 
(From the Michigan Technic, 1903.) (13) Jan. 14. 

Supporting Old Wali from New Building.* (14) Jan. 16. 

Concrete-Steel Factory Building with Fifty-Two-Foot Roof Girders. (14) Jan. 16. 

Some the Causes Recent Failures Reinforced Concrete. Julius}Kahn, Assoc. 
Am. Soc. (13) Jan. 21; (15) Jan. 22; (14) Jan. 23. 

the Interborough Rapid Transit Company, New York.* (14) Jan. 

3 (17) Jan. 23. 
The Raw Materials for Portland Cement Manufacture. Morris Green. (14) 
23. 

Convenient Tie for Concrete Forms.* (13) 28. 

The New Engineering Building the University Michigan. (18) Jan. 30. 

Jacking Down Open Cribs for Underpinning.* (14) Jan. 30. 

Concrete Building Blocks.* (14) Jan. 30. 

Automatic Spacing Rivet Holes.* (13) Feb. 

Efficiencies Riveted Joints.* Gilbert Walker. (13) Feb. 

The New Henry Worthington Hydraulic Works Harrison, J.* (14) Serial 
beginning Feb. 

The Company’s Concrete-Steel Factory Building.* (14) Serial begin- 
ning Feb. 

Steel Roof Trusses the New Union Railroad Station Washington.* (14) Feb. 

More Light the Theory Concrete. Spencer Newberry. (Paper read before the 
Ind. Eng. Soc.) (14) Feb. 


Nouvel Hotel Ville Tours.* Leprince-Ringuet. (33) Jan. 


Water Supply. 


Experimental Study the Resistances the Flow Water Pipes.* Augustus 
Assoc. Am. Soc. E., and Ernest Schoder, Jun. (54) 
51. 
Automatic Modules for the Speed Filtration.* Charles Anthony, Jr., 
Steam Turbine Driven Centrifugal Pumps for High Lifts. Cecil West Darley, Inst. 
(63) Sup., Vol. 154. 
Raising Water Compressed Air. Percy Griffith, (63) Sup., Vol. 154. 
Pumping Electricity.* F.H.Pitcher. (28) Dec. 
The Water Supplies Southeastern Alaska. Ellen Richards. (7) Dec. 
the Natick, Mass., Reservoir with Concrete Roof. Frank Fuller. (28) 
Notes the Water Supplies the Black Hills South Dakota and Vicinity. Ellen 
Richards. Dec. 
Some Six-Inch Meter Tests and How They Were Made.* Frank Kimball, (28) Dec. 
The Tweeddale Water Purifying System.* (20) Jan. 14. 


Columbus Power Company, Columbus, Georgia.* (14) Jan. 16; (27) 
an, 23. 


Philadelphia’s New Fire Fighting Service.* (20) Jan. 21. 
Water-Power Electrical Development Northern Indiana.* (14) Jan. 
an, 
Lake Reservoir the Portland Water Company.* Edmund Blake. 
14) Jan, 23, 
Flood Test Two Large Riveted Steel Pipe Lines.* (14) Jan. 23. 
The Water Softening Plant the Procter Gamble Co., (13) Jan. 28. 
The Philadelphia Fire-Protection Pumping Station. (14) Jan. 30. 
Low-Head Mill Power Juliette, Ga.* (14) Feb. 
Artificielle dela Neste-Aménagement Lac Cap-de-Long (Hautes- 
Méthodes Rapides d’Analyse des Eaux Potables. (36) Jan. 10. 
Importance Procédés Captage des Eaux Souterraines Profondes.* Ed. 
Imbeaux and Nourtier. (36) Serial beginning Jan. 10. 


Waterways. 


The Levee Theory the River. Informal Discussion. (54) Vol. 


Foreshore Protection and Travel Beaches. William Tregarthen Douglass, Inst. 
(63) Sup., Vol. 154. 


Tilustrated. 
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Waterways—(Continued). 


Dredging, with Special Reference Rotary Cutters. James Henry Apjohn, Inst. 
(63) Sup., Vol. 154. 

The Modern Equipment Docks, with Reference Hydraulic and Electric 
Appliances. alter Pitt, (63) Sup. Vol. 154. 

Dredging New South Wales. Cecil West Darley, (63) Sup., Vol. 154. 

Methods Measuring the Flow Streams. Hoyt. (13) Jan. 14. 

Lord Kelvin’s Automatic Tide Predictor.* (19) Jan. 

Concrete-Steel Lighthouse. (14) Jan. 23. 

Automatic Tide Gates for the Bolsa Chica Gun Club, California.* Jas. Schuyler, 

The Cache River Drainage Survey. Bell. (13) Feb. 

Floods and Flood Protection Works East St. Louis, Parr. (Abstract 
Paper read before the Soc. Engrs. and Surveyors. (13) Feb. 

Etude Hydrologique Rhin Allemand Crues Leur Prévision. Ed, 
(43) Trimestre, 1903. 

Hydraulique Fluviale; Verification Théorique des Lois Empiriques Forme 
Lit des Riviéres Navigables Fond Mobile. (43) Trimestre, 1903. 


Tilustrated. 
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SUBSTRUCTURE MARSH RIVER BRIDGE. 


Marcu 2p, 1904. 


The coast Maine, from the mouth the Kennebec River the 
mouth the Penobscot, presents series bays, inlets and estuaries. 
Indeed, the United States Geological Survey has selected the quadrangle 
which Marsh River appears (the Boothbay Sheet) example 
typical fiord coast line. 

When the Knox and Lincoln Railway was built, the early 
Seventies, its general direction was parallel and about miles 
distant from the coast. This location made necessary cross tidal 
waters five times the miles from the Kennebec River Rockland. 
All these openings were spanned originally wooden bridges, which 
have since been fitted with steel swing draws. This paper descrip- 
tion the substructure the fourth these replaced 
modern steel structure. 

Marsh River Bridge, the Town Newcastle, spans tidal 
branch the Sheepscot River, which derives its name from its banks, 
which are the typical mud flats bordered with marsh grass. 

papers are issued before the date set for presentation and discussion. 
Correspondence invited from those who cannot present the meeting, and may 
sent mail the Secretary. Discussion, either oral written, will published 


subsequent number Proceedings, and, when finally closed, the papers, with dis- 
cussion full, will published Transactions. 
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The crossing practically 600 ft. width, but embankments have 
reduced the span the present structure 554.5 ft. 

August, 1902, the writer made surveys the site the old 
bridge, under the direction Benjamin Guppy, Am. Soc. E., 
Bridge Engineer the Maine Central Railroad. The designs the 
new bridge, both substructure and superstructure, were developed 
Mr. Guppy and approved Mr. Dunn, Chief Engineer, the 
following winter. 

March 14th, 1902, application was made the Secretary 
War for permission: 

substitute steel plate-girder bridge stone piers for the 
wooden trestle bridge wood cribs and piles, built 1892 1896, 
which replaced the wooden bridge originally constructed about 
1872.” 

The contract for the substructure was awarded Ellis and Bus- 
well, Woburn, Mass., and the writer was assigned Resident 
Engineer Charge. 

Work was begun May 19th, and completed December 10th, 
1903. 

The design called for six piers and two abutments first-class 
ashlar granite masonry, with foundations piles and concrete, 
shown Fig. the general drawing, which also shows the old 
wooden bridge. 

will seen this drawing, the plan was construct the 
new masonry without interfering with the passage trains. The 
specifications also called for the construction Pier No. last, 
order that the channel might blocked and navigation impeded for 
the shortest time possible. 

Abutments.—Work the west abutment was begun first. One 
trestle bent the old bridge came directly the abutment site, 
shown the general drawing. Its removal was effected driving 
bent six piles just east the front line the foundation, and 
bent six piles west the rear line the foundation, The track 
was then supported three 14-in. track sticks under each rail, 
with clear span ft. The regular stringers were blocked 
the new bents, and the interfering ones removed. 

The excavation was Elevation 43, ft. above low 
water. (All elevations are from arbitrary datum.) The original 
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plan was drive piles here, all the other foundations. Hydraulic 
borings had been made various localities, and the results are shown 
the general drawing. When the excavation reached Elevation 43, 
very firm, hard clay was encountered. promising did seem 
for good foundation itself that was tested for bearing power. 
12-in. timber was arranged with free vertical motion and 
loaded with weight 860 with settlement, this was 
largely excess the unit load the finished foundation was bear, 
was deemed safe build without the piles, which was done. The 
east abutment was duplicate the western one, with the exception 
that the foundation piles were driven shown. 

One bent the old bridge was directly the east abutment site, 
and the first bent east was danger being undermined the 
excavation. bent six piles was driven front the abutment 
site and bent four piles east the threatened bent. The track 
was carried three 14-in. sticks under each rail. The two trestle 
bents were removed and third bent four piles was driven 
replace the easterly threatened bent, narrowing the clear span 
20.3 ft. 

‘On the west abutment, the excavated material deposited front 
was sufficient keep out the water. Lower ground adjoining the 
east abutment made some sort coffer-dam necessary. This was 
built with the clay excavated, faced and capped with turfs marsh 
grass. After the collapse small section, the start, dam 
sufficient height and strength was easily and quickly built. Beyond 
being overflowed extra high run tides August, this dam 
served its purpose admirably, with minimum amount leakage. 
ditch pump handled all the water the west abutment. 6-in. cen- 
trifugal pump was used the east abutment clear the pit when 
necessary, but smaller pump would have answered well. 

The abutments were laid with boom derrick erected the fill 
near the ends the bridge. The general character the masonry, 
and the method carrying the track are shown Fig. Plate 

piers were contemplated, four which, e., Piers 
and the piles were cut off Elevation 40, ft. below low 
water. The construction these piers will described first. The 


piles Piers and were cut off Elevation 30. Their construction 
will taken separately. 
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For Piers and track preparation was necessary. For 
Pier the first bents, both the east and west, were removed, and 
the crib shown the east side was cut down close the middle bent 
the group three bents shown the plan. bent four piles 
was driven west the group two, and the track was carried two 
12-in. track sticks under each rail, with span 15.3 ft. 

The sites Piers and were directly over the old cribwork 
the original bridge. The material excavated consisted old 
cribwork, filled with rocks and mud from the flats. The nature this 
material indicated Fig. Plate view the old bridge looking 
east from the channel. This excavation was the hardest and most 
tedious part these four piers. was only possible work half 
tide low tide. The old cribwork was sound that was necessary 
cut nearly every timber, being impossible start them with the 
derrick. Piers 1,2 and were excavated and the pits cribbed with 
2-in. plank. Pier was deeper water the north side, and was 
necessary drive coffer-dam 3-in. grooved and splined timber. 
Small boulders under the dam were removed grappling for them 
means iron rods with hooks the ends. After loosening them 
they were brought the surface workmen diving for them, the 
water being about ft. deep. This was crude method, but, owing 
the small quantity rock moved, was quite effective. 

The excavated logs and rocks were used build temporary crib- 
work, normal the bridge, carry the rear the pile-driver. The 
driver was supported beneath the bridge platform 12-in. 
timbers built the adjacent bents the old bridge. The driver 
was mounted 10-in. hollow iron rolls running under grooved 
carriage. Motion sideways was secured sliding the carriage 
the rolls rope rove from the carriage the old bridge and the 
drum the engine. 

The longest pile that could put the driver was about 32.7 ft. 
When longer ones were necessary, they were driven from the track 
the derrick car. For this purpose, leads, ft. long, without 
top bottom, were made. The piles were placed position 
through openings the ties. The leads were then raised the pile- 
runner and placed the pile, the whole being held place 
watch-tackles. The hammer was then put into the top the leads 
and manipulated the regular fall the car’s hoisting engine. 
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When the piles had been driven such elevation that the driver 
mounted below could rolled over them,the hanging leads were 
removed and the piles followed home from below. view this 
shown Fig. Plate II, which also shows Pier and the old cribs, 
low water. 

After the piles were driven, the pits were pumped out 6-in. 
centrifugal pump, the piles were cut off and the concrete laid. The 
masonry was laid, with self-propelling car derrick, from the track. 
All stones for the piers came the work cut and ready lower into 
place, shown the detailed plans. these piers the cribs and 
coffer-dams were carried only about Elevation 44; there being 
attempt work the masonry except low water. 

Piers and 4.—To carry the track during the construction 
Pier bent six piles was driven west the proposed pier, and 
trestle bent erected projection the west side the old draw 
pier. The bents which are shown the general drawing inter- 
fering with the construction were removed, the track being carried 
three 14-in. sticks under each rail, addition the regular 
beams, the clear span being 17.1 ft. 

The excavation for Piers and was largely old rip-rap with some 
flats mud. was removed orange-peel dredge bucket hung 
boom attached the adjacent bents the old bridge. The 
material was discharged scow which was run beneath the bucket. 
was only possible work from low half tide, lack head room 
not permitting the bucket raised high deposit the scow 
high water. The engine was mounted platform the old 

excavating for Pier considerable old cribwork was encount- 
ered. For its removal, the power chisel, shown detail Fig. 
was constructed. This chisel was bolted pile butt, and after 
being placed over timber removed, was driven through 
manner similar that described for driving long piles. Some the 
timbers thus detached were too water-soaked come the surface. 
They were raised pair large timber hooks, made 3-in. 
iron, secured the ends handles, ft. long, and manipulated 
from the scow. After successful hitch had been made with this set 
mammoth pinchers, the timbers were lifted the car derrick. 
Both the hooks and the chisel are shown Fig. Plate IT. 
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improvement the chisel could have been made giving the 
blade greater length than ins., and little greater depth than 
ins., thus making easier place sunken timber. 

The piles Pier were driven from platform supported the 
bents the old bridge. Here was necessary use two followers. 
follower ft. long was used first drive the pile point where 
25-ft. follower could used drive the pile home; this being 
necessary because the hammer could dropped only ft. without 


leaving the bottom the leads. The piles Pier were driven from 
scow the usual way. 


! 
1 
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SECTION a-b 


POWER CHISEL 


The piles shown the general drawing are scale, the 
depths driven, and thus show the approach actual driving the 
borings made the hydraulic process. 

Cutting the piles off Elevation 30, ft. below low water, gave 
more trouble and caused more expense and delay than any other part 
the work, especially Pier Pier they were cut off with 
34-in. horizontal circular saw mounted shaft, ft. long. 
The shaft was attached upright 12-in. timber with three 
bearings ft. apart. The stick was fastened the leads the pile- 
driver mounted scow. The shaft was suspended tackle 
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with swivel which admitted its rotation and vertical adjustment 
through its bearings. The power was transmitted the shaft 
6-in. belt from the pile-driving engine. The saw was set position 
submarine diver, and kept the correct elevation aligning 
the shaft with wye-level. The saw was fed against the shaft 
shifting the scow with bow and stern lines and watch-tackles. The 
extreme swiftness the tide made impracticable work except 
from low half tide. Much trouble was caused getting the saw 
into two piles once, which caused binding. This happened once 
during rapidly rising tide, and resulted bent shaft. Trouble 
was caused, also, continual slipping the belt. the whole, 
the efficiency the outfit was very disappointing. The thirty-two 
piles were cut off six days, including all delays for tide, and 
two days lost the bent shaft. The diver reported very creditable 
result the finish. For cutting off the piles Pier the same 
outfit was tried. The leads and engine, this case, were mounted 
the pile-driving. The bearing boxes were changed 
ft. apart, and 10-in. belt was substituted for the 6-in. belt. 
was also necessary remove the side braces from the leads permit 
work done close the old bridge. When the engine was 
started, the vibration the platform was great that the leads and 
engine traveled sideways the rolls, and even the rolls shifted. The 
result was that the saw, being fed into pile, had swaying mo- 
tion which jammed the teeth hard into the wood, and stopped the 
saw with sharp jerk. After series attempts remedy the 
trouble, the saw was abandoned. The principal difficulty the use 
the horizontal saw seemed due four causes: First, feeding 
the saw gradually into pile which was entirely invisible; second, 
the extreme swiftness the tide; third,the continued tendency the 
belt slip; fourth, lack engine power (an 12-in. single-cylinder 
engine was used). 

abandoning the power Pier the piles were cut 
two submarine divers, the cut-off being given them each pile 
28-ft. iron pipe, ins. diameter, and wye-level. The forty piles 
were cut off seven days, four days which only one diver 
worked. The divers worked from three four hours daily. Their 
principal trouble seemed getting proper saw. Several 
kinds were tried, but none seemed entirely suitable for the 

work. 
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After the piles were cut off, stone chips were dumped among the 
pile heads and leveled the divers. These chips were rated 
concrete. 

The method first proposed for the construction Piers and 
was floating caisson, the bottom which was the grillage 
12-in. timbers shown the detailed plans, the sides removable. 
The writer suggested substitute the device which was finally 
used. For Pier bent four piles was driven each side the 
site the pier and cut off Elevation 45.17, shown Fig. 
These piles were capped with 12-in. hard pine. Three 


DEVICE FOR CONSTRUCTING MARSH RIVER BRIDGE, SOUTH NEWCASTLE, ME. 
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two 14-in. hard pine, spaced ins. apart, were set such points 
directly over the lowering rods when the grillage should 
over its proper position the piles. The two end and center sticks 
the next the bottom course the timbers the grillage 
were given projection ins. each side; each timber being cut out 
thus making 2-in. slot 6ins. deep. The lowering rods, six 
number, were iron, ft. the top being threaded. The 
grillage was floated into position beneath the stringers falling 
tide, and the rods were inserted the slots and plumbed. Two nuts 
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and 15-in. plate washer were used the bottom each rod, 
and washer the same size, with the addition 9-in. round 
washer and one nut, was set top the stringers. After placing 
position, course stone was laid and the upper nuts slacked much 
possible before the rising tide flooded the work. Wedges were 
placed between the top the masonry and the stringers preventive 
possible lateral motion. This operation was repeated each tide, 
and the seventh tide the grillage rested the piles, and was prac- 
tically correct both level and position. Darkness prevented 
utilizing the whole each tide, the pier would have been lowered 
five tides, e., one course tide. 

After the grillage rested the piles, the stringers, rods, were 


removed and used again Pier (which, contrary expectation, was 
built after and not before Pier 4). 


The remainder Pier was built 
high water tide work. 


Pier was constructed the same means Pier Here, how- 
ever, one nut was left off the bottom each rod, and the rods were 
headed up. Two polished steel washers were also inserted between the 
lowering nut and the 9-in. cast washer. improvement this 
device could made inserting ball-bearing washer below the 
lowering nut. Also, the use three connected ratchet wrenches 
each side would have assured equal turning all nuts, and 
obviated occasional binding. Pier was landed the piles ten 
tides, and then completed rapidly. 

The pier masonry and excavation, throughout, was carried with 
self-propelling derrick-car working under flag protection. This car 
was the property the contractors, Ellis and Buswell, and this 
work, especially, was valuable piece machinery, enabled 
them bring out stock any pier, and work directly From 
the beginning the work until the middle October there were 
thirteen trains during working hours, and after that time, seven 
trains. Waiting for trains caused some delay, especially low tide. 

Table No. force account, connection with which word 
explanation The small amount under Laborers,” pro- 
portion men higher wages, due the fact that the masons, 
blacksmiths, worked excavations, pile-driving and other work, 


time tide made necessary, being impossible work large 
crew advantage. 
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TABLE No. 


30 90 109 101 56 69 27 560 


All cement used the work was subjected the accelerated tests 
recommended the report the Special Committee Uniform 
Tests Cement.* The water the river, which was used the 
work, was also used the tests. 

The final estimate work done given Table No. 


TABLE No. 


Excavation earth and old cribs......... 397 cu. yds. 
Concrete and chips Piers and 4...... cu. yds. 
Timber grillage Piers and 4...... 944 ft., 


The filling about the two new abutments was deposited the 
railroad company, and consisted limestone chips from the quarries 
Rockland, miles distant. 

The writer regrets that unable show any photographs 
the method lowering the masonry Piers and accident 
the darkroom caused all the negatives light struck. 

The nuts were turned key wrenches with handles about ft. 
long. both piers, five courses were place before they rested 
finally the pile heads. Most the time, required two men 
each wrench. With the improvements mentioned, and where the 
current was less rapid, this method would most successful; even 
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this work, with the current and heavy load, the lowering was done 
without hitch. 

question the probability sea worms attacking the 
timber grillage has been asked. The timber cribs and piles the 
old bridge, examination, not show single instance any 


attack this nature, and there seem reason for anticipating 
any. 


The swiftness the tide has been mentioned. examination 
the general plan will seen that the cribs the old bridge 
contracted the river large extent. 

There were means hand determine the actual current 


velocity, but was swift enough make all water work exceedingly 
difficult. 
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paper loss time. Many engineering papers deal with the 
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broader questions. The experienced engineer spends most his 
time thinking out the details such structures, and, when 
writes account his work, assumes that his readers will grasp 
once the broader questions involved, and will interested only 
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would all very well his writing fell only under the eyes expe- 
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the inexperienced reader, the broad questions affecting the whole 
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proposition are oftentimes more value than minute description 
the details special structures. For him discussion the eco- 
nomic questions which determined that the whole project construc- 
tion was advisable may more importance than the most intricate 
and learned calculation upon the strength efficiency special 
structural parts; or, still more specific, the reasons for building 
road one valley rather than another offering shorter route 
may more instructive the majority readers than any all 
the detailed masonry plans worked out the construction the 
road. this paper the writer has attempted set forth the consid- 
erations which determined each important step the lay-out what 
believes the most important engineering work undertaken 
recent years the section country which this road lies. The 
paper does not even mention the part the work which the writer 
spent most his force; but, his judgment, includes account 
all the best work accomplished this undertaking, both him- 
self and those working over and under him. 

March, 1902, the writer was tendered the position engineer 
construction the Knoxville, Follette and Jellico Railroad, with 
the assurance that the line was constructed through difficult 
country.” 

The Louisville and Nashville Railroad Company has line from 
Cincinnati Jellico and from Louisville Jellico (see 
this time, the company had just acquired the Atlanta, 
Knoxville and Northern Railroad. For some years previous, had 
operated the Georgia Railroad under joint lease with another com- 
pany. while, had had large, not controlling, interest 
the Atlanta and West Point Railroad Western Railway 
Alabama. Thus was entire partial control some 900 
miles road the south Knoxville, with which had direct con- 
nection only Montgomery, and connection through controlled 
road Atlanta. From Fig. will seen that, order have 
these properties closely united the body the system, well 
operate through trains from Cincinnati and Louisville through 
Knoxville Atlanta, the construction the gap from Jellico 
Knoxville was necessary. 

The order for the survey and construction the line was not ac- 
companied any the usual tentative conditions. fair traffic 
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could safely counted for the new line, from the day its com- 
pletion, without considering the large local traffic which could prob- 
ably developed along the route. Thus the chief executive the 
road was warranted authorizing expensive construction, need be, 
secure good grades and alignment. 

The distance from Saxton, Kentucky, Knoxville, Tennessee (see 
Fig. 2), straight line, miles; via the Louis- 
ville and Nashville Jellico, and the Knoxville and Ohio Branch 
the Southern from Jellico Knoxville, 68.3 miles. This branch 
the Southern was built years ago, when, the location rail- 
ways, little attention was paid future economy operation. The 
line, places, has grades ft. the mile, uncompensated over 
stiff curves, even near the tops long ascents. Helper are 
used freely the line, even passenger trains. But the 
south-bound bituminous from Jellico, Pioneer, Follette, Coal 
Creek, Briceville and Oliver Springs, large enough, said, 
make this one the best paying lines that system. 

The entire country between Saxton and Knoxville has been covered 
the United States Geological Survey, and the maps this Survey, 
though found very inaccurate regards topography country 
inaccessible horse wagon, was untold value choosing the 
routes for the line. 

Waldens Ridge and Cumberland Mountain (See Fig. divide the 
district into two parts, unlike geography, topography, and geology. 
That portion the country the northwest this ridge and moun- 
tain part the Cumberland plateau the Appalachian province. 
The drainage, for the most part, isto the north and northwest into 
the Cumberland River. The portion the district the southeast 
this divide part the great valley East Tennessee, and the 
general drainage the southwest into the Clinch and Tennessee 
Rivers. the northwest this dividing line, the surface rocks are 
Carboniferous; the southeast they are Cambrian and Silurian. The 
country the northwest this line broken and rugged that 
may called the mountain district. Here the divides rise eleva- 
tions from 500 600 ft., large areas being above ft. The 
streams fall rapidly, from their sources, and emerge into the valleys. 
elevations from 800 1100 ft. These valleys are deep and 
narrow, and the slopes rise brokenly. The crests the mountains 
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are narrow and flat, many them being susceptible cultivation; 
but, far, the steep and rugged slopes have proved effectual 
barriers the settlement the district, except the scattered cabins 
mountaineers. There are homes these mountains which have 
been occupied for generations, with wheeled vehicle ever use 
until roads were opened the contractors for the construction this 
railroad. The mountain ranges are cut two occasional streams, 
and thus all possible routes reasonable gradients are well defined. 

the valley district, erosion has produced series long ridges 
separated long, parallel and narrow valleys which follow closely 
the belts rock. Their general direction northeast and southwest, 
thus crossing the direction the line survey, which lay somewhat 
northwest and southeast. The surfaces these small valleys are 
elevations from 800 100 ft., and the parallel ridges rise from 
100 500 ft. Some few these ridges are cut two 
streams, but most them are continuous for many miles. Copper 
Ridge, the south side the Clinch, which ridge responsible for 
the second large détour the westward the line road between 
Coal Creek and Knoxville, was such continuous ridge. From the 
point where the road cuts through it, for miles the northeast, 
there not gap which the crest not more than 250 ft. above 
Bull Run Valley the north side it. The conditions con- 
tinuity were somewhat similar the case the two Black Oak 
Ridges. Thus the problem getting the best location was more 
difficult one the less rugged country. 

Clear Fork River cuts through Pine Mountain gorge called 
Narrows,” rugged that domestic animal had ever 
traversed it. lay across the straight line joining Saxton and Knox- 
ville. The stream, Big Creek, cuts through Cumberland Mountain 
Big Creek Gap, which lies some miles from Saxton and about miles 
west the direct route. Further, branch line road had been con- 
structed through this gap (see Fig. 2), and connection with the 
Southern Railway near Careyville. the gap, the mining town 
Follette, with limestone and sandstone quarries, coal and iron 
mines, coke ovens, furnace, etc., had sprung and three years 
had grown from village less than 500 population more than 
these two water gaps were objective points. fact, the 
route through these points had often been explored, and least two. 
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careful surveys had been made during the twenty years more 
that the Louisville and Nashville Railroad had had under contempla- 
tion the extension their Knoxville Division the city for which the 
division was named. there were watercourses leading from each 
these points toward the other, the choice the route joining them lay 
simply deciding which slope the narrow valleys offered the best 
support for the adopted gradient. But these valleys were tortuous 
and narrow that distance miles one them was neces- 
sary, even when using 10° curves with 300-ft. minimum tangents, 
bridge the watercourse ten times and use three short tunnels. 

was plain, from the conformation the country, that there 
would long ascents and descents whatever ruling grade was 
adopted. The chief local product the country being bituminous 
coal, great quantity and good quality, the market for which could 
only southward, since the country the north and west was 
tributary the Pittsburg coal fields and that the east the Vir- 
ginia coal fields, was good economy spend more money secure 
light grades against south-bound for trains the opposite 
direction. 

The writer decided 53-ft. compensated grades the maximum, 
but economical construction required the introduction 61-ft. 
grade the long descent from the Cumberland-Clinch divide 
Follette. The road was located from Saxton this divide this 
ruling grade, with inconsiderable amount adverse grade 
miles from Saxton, point where its introduction was comparatively 
harmless. 

adverse grade has been defined grade pitching the 
opposite direction from the general slope the country. course, 


means the introduction just much rise and fall which could 
avoided. 


The line from Follette Knoxville had not been reconnoitered. 
seemed possible get line from the Cumberland-Clinch divide 
down the Clinch without adverse grade; but from the Clinch 
Knoxville, across the short ridges and valleys, seemed that the road 
would have and fall with the country,” and the writer ex- 
pected the outset that the condensed profile this part the line 
would look like the teeth saw. From Follette toward 
ville, the narrow and tortuous valley Big Creek seemed offer the 
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most available route the desired direction; but get from the 
Clinch, the mouth Big Creek, across Knoxville grades 
was out the question, unless one made his mind make long 
tunnels through nearly all the ridges and make high crossings over 
the narrow valleys. The difficulties and expense were great that 
this route was never comtemplated seriously. 

going down Big Creek from Follette the Clinch, however, 
and then turning down the Clinch far the mouth Bull Run, 
below Clinton, and making three crossings the Clinch, route 
was possible, leading through Clinton, town 200 people, which 
gave adverse grade from Follette Clinton and adverse 
grade only ft., vertical, between Clinton and Bull Run, point 
about miles southwest Clinton where was necessary cut 
across country, leaving the river, save distance and excessive 
vature. 

The absence adverse grade was considered advantageous 
this route that careful survey was made over all the difficult portions 
it, and careful estimates were made the value its advantage 
and cost compared with the route adopted finally; but the absence 
adverse grade was its sole recommendation. There were many 
serious objections it. First, follow Big Creek Valley below 
Follette required bad alignment, several short tunnels and expensive 
construction; second, the three crossings the river involved ex- 
pensive bridging; third, the distance from Follette Clinton was 
greater than the route adopted finally; and, fourth, led out and 
away from the coal fields, and through country from which the 
timber had already been stripped and from which little development 
could expected. 

From Follette Clinton the route adopted originally followed 
very closely the line described previously dividing the country into 
dissimilar sections. The route could only adopted the sacrifice 
introducing considerable amount adverse grade four different 
places (see Fig. and D). There were ft., vertical, 
than the Big Creek-Clinton line, afforded much better alignment, and, 
besides following the edge the coal fields, passed through the town 
Coal the center population some 000 people, where 
coal mining had been carried successfully for quarter century. 
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The location from the mouth Bull Run Knoxville introduced 
more difficult problems than any other part the line; and the writer 
believes that the combination conditions which enabled this line 
from the Clinch Knoxville laid out, the original 53-ft. 
grades, without one foot adverse grade and without tunnel 
high valley crossing, unique and unusual such rough country. 
The profile the Southern Railway line from Clinton Knoxville 
Fig. fair representation the necessary line that goes 
plunging across these ridges. old locating engineer, the Cin- 
cinnati Southern, years before, made location survey from Harriman 
Knoxville which passed through the same gap Copper Ridge 
that used the writer. used 66-ft. uncompensated grades, and 
got wonderful amount rise and fall into his line between Copper 
Ridge and Knoxville, about 130 ft. being between Copper Ridge 
summit and Beaver Creek. 

the crossings the parallel valleys Bull Run and Beaver 
Creek the Southern Railway line, the latter valley the higher 
some 140 ft.; and the writer decided cut through Copper Ridge, 
tunnel necessary, the level the upper valley, save all 
unnecessary rise and fall. was found examination that the 
two valleys, though one was much higher than the other, had 
practically the same rate fall, some ft. the miles below the 
Southern Railway crossing, that the point, (see Figs. and 3), 
the open valley Beaver Creek, was 140 ft. above the country the 
mouth Bull Run. the point, however, where the stream 
turned and ran directly toward the only available gap Copper 
Ridge, the valley began descend much more rapidly down the 
level the Clinch. was just possible, the original grade 
(see Plate start the grade the mouth Bull Run and make 
the elevation the upper valley the time the summit the ridge 
was reached the gap. cut, ft. deep, containing 186 000 cu. 
yds. clay, chert, and rock excavation, was necessary cutting 
through the ridge. Supporting ground the side the ridge 
was found from the ridge summit the point, for level 
grade, the road reached without any unnecessary rise and 
fall. water gap the desired direction led through Beaver 
Ridge. This gap drained portion the open valley (Hines’s) be- 
tween Beaver Ridge and Black Oak Ridge into Beaver Creek, and the 
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three parallel valleys thus made succession steppes which were 
used support the gradient from the Clinch the summit 
Black Oak Ridge the lowest available gap. The alignment was 
excellent, and the country easy from the point, the summit 
Black Oak Ridge, and from there the road descended fairly easy 
country Knoxville. 

There were, all, five well-equipped engineer parties between 
Jellico and Knoxville, and the chiefs parties were cautioned 
use light grades and curves reasonably could all 
times. 

Just here, the risk reiterating much that has already been 
written, the writer wishes emphasize the necessity, making such 
surveys this: 

(1) not using any point any more difficult gradients nor any 
stiffer curves than the country actually requires; 

(2) completing condensed profile the whole line soon 
the surveys are connected throughout; 

(3) compensating for curvature the prevailing long grades 
less rate than the maximum; and 

(4) making diligent study the whole country, with view 
selecting route with minimum adverse grade. 

Some the locating engineers were sent back over their work 
several times see they could not get through with lighter 
grades and curves, even though the grades and degree curve used 
had been less than the maximum, and more than one them made 
very material reductions the grades which had been used, well 
the degree curve, without increasing the cost the work 
materially. 

When the condensed profile was made, after the lines were tied 
up, was shown that there were only three points where had been 
necessary use 53-ft. grades against south-bound trains, viz.: the 
ascent the Cumberland-Clinch divide, miles length; the ascent 
Black Oak Ridge No. miles length, and the ascent Cop- 
per Ridge summit, miles length. the time the com- 
pletion this condensed profile, none the higher officers the 
road had hoped get any better ruling grades through this country 
than compensated. When the writer decided tentatively the 
grades, the consulting engineer the road said him, 
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you can make from Follette Knoxville one-foot grades 
you will doing mighty well.” other road crossing these moun- 
tains anywhere this section country had secured anything 
like such favorable gradient this. Lines crossing these moun- 
tains, far south Birmingham, where the elevation the Appa- 
lachian province much less, such the Georgia Pacific line 
the Southern Railway from Birmingham Atlanta; and the Central 
Georgia, Birmingham Opelika, built the Eighties, had used 
66-ft. grades. 

Except the three long grades mentioned, the heaviest south-bound 
grade was and the advisability reducing these three 53-ft. 
grades 34-ft. grades was once suggested. What was the reduction 
worth and what would cost? 

The Cost the Change.—It was plainly out the question 
reduce the ascent the Cumberland-Clinch divide this gradient. 
was too long, and involved construction which was too expensive. 
the road was operated the lower grade, was plain that 
helper engine used this grade, and, therefore, the cost 
maintaining helper engine would legitimate charge against the 
change 34-ft. grades. Assuming that the traffic would propor- 
tioned below, and that the schedule could arranged that one 
engine crew could the helper service, the annual cost this service 
would about follows: 


Interest $14 000, cost helper engine, 4%..... $560 
Twelve months’ wages crew, $312............. 
544 engine-miles, cost 17.3 cents per mile, 

for repairs, fuel, water, stores and roundhouse- 


Cost 544 engine-miles maintenance way 


Total annual cost helper-engine service......... $13 839 


the foregoing estimate, the cost engine repairs, fuel, etc., 
taken from the report the Pennsylvania Railroad Company for 
1902. assumed that the engine does half much damage tothe 
track the train, the cost per train-mile being $1.08 and the cost 
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maintenance way and structures being per train-mile. 
assume four round trips miles each per day, from the head 
the Narrows the end the siding south the divide, half the 
trains not running Sunday. 

Then, the road’s capital could acquired interest, the 
cost establishing and maintaining the helper service would 
$345 975. 

was easily ascertained that making 700-ft. tunnel Black 
Oak Ridge No. the grade there could reduced ft. without 
lengthening the line and without any more expensive construction, 
except the cost the 700-ft. tunnel; and, further, the tunnel would 
save ft., vertical, the adverse grade. 

Plate III map and profile the old and new line Copper 
Ridge. dropping the grade line about ft. the summit and 
making 170-ft. tunnel, and taking advantage the sharp fall 
Beaver Creek Valley from the point, toward the gap, the 34-ft. 
grade could used even here without lengthening the line and 
without increasing the cost, except portion the cost the 
construction the tunnel. fact, the lighter grade threw the line 
off from the upper cliffs the ridge certain places down the 
talus slope smoother ground, with the result that very much 
better line, both alignment and first cost (except for the tunnel), 
was obtained. the revision surveys here maximum curvature 
was substituted for degrees. This change had the effect 
placing the tunnel the summit the ridge the grade 
Beaver Creek Valley, and there was elevation enough spare 
permit dropping the grade ft. per mile through the tunnel, 
thus compensating for wet rails more than 0.2 per cent. Thus 
the cost the change these two points was not excess the 
cost the other line anything like the full cost the tunnels. 
The construction contracts which had been made would warrant the 
belief that the tunnels could constructed much lower figure, 
but, inasmuch these tunnels had constructed part through 
very treacherous clays, will supposed that they would cost $90 
per linear foot. Not considering the ft. adverse grade saved 


Black Oak Ridge No. the additional cost the two tunnels would 
about follows: 


a 
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700-ft. tunnel Black Oak Ridge No. $90...... $63 000 
tunnel Copper Ridge, $90............. 195 300 


Less cost summit cut Copper Ridge: 
000 cu. yds., earth excavation, $18 600 
000 cu. yds., chert excavation, 720 
000 cu. yds., rock excavation, cents. 800 


120 


The approaches the tunnel Black Oak Ridge No. were 
very nearly costly the original summit cut. There was another 
expense which constituted legitimate charge against the construc- 
tion the tunnels. the time the contemplated change, the 
longest tunnel the road was the mountain district, good 
material, and was less than 900 ft. long. was certain that the 
construction these tunnels would take much longer than the re- 
mainder the road; therefore, the interest the money invested 
construction, including the cost the valuable property pur- 
chased Knoxville for terminals, from the time that the other work 
could completed until the tunnels could completed, constituted 
proper charge against the proposed change. Taking the amount 
expended other construction, etc., 500 000, with interest 
4%, and supposing that the tunnels delayed the opening the road 
for traffic one year; then the total cost changing the lighter 
grade for south-bound trains would follows: 

Establishing helper-engine service the Cumberland- 


Additional construction cost two tunnels.......... 195 180 
Interest 500 000 for one year 4%, account 

Total cost change lower grade............ $681 155 


The Value the Change.—The value such changes difficult 
estimate with accuracy, even operated road which the traffic 
known. was reasonably certain that the road would not 
operation many years, operated 53-ft. grades, before many 
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ten trains per day each way would required its business. 


Considering the traffic the road would have, probably six these 
trains south-bound would fully loaded. Four fully loaded trains 
per day, 34-ft. ruling grade, could just about the work six 
fully loaded trains per day, 53-ft. grades, using engines and cars 
the same class. Since the north-bound traffic would include large 
quota empty coal cars, and since the same engine that pulled, say, 
twenty-three loaded 40-ton cars southward against the 34-ft. grades 
could pull forty-nine empties back against the 53-ft. grades far 
Follette and forty-four empties back, even against the 61-ft. 
grade, was probable that eight trains per day each way the lesser 
grade would the work ten trains per day each way the higher 
grade. Operating expenses vary directly the train mileage, and the 
cost per train-mile the Louisville and Nashville for the year ending 
June 30th, 1902, given Statistics Railways” the Inter- 
state Commerce Commission $1.08. However, fact that the 
operation such heavy trains these costs more than the general 
average large system. The cost per train-mile the Duluth and 
Tron Range and the Duluth, Mesaba and Northern, two roads engaged 
almost exclusively traffic similar that which these omitted 
trains would represent, given, the same authority for the same 
year, $1.94 and $2.61, respectively. Probably would safe 
estimate the train-miles saved $1.50, but the more conservative 
figure will taken. Suppose that half these trains run Sunday. 


Then the annual saving from Saxton Knoxville 
and the value this annual saving operation, 


with interest 4%, would be..... 900 000 
The cost the change, above.......... 681 155 
The amount gained the change............. 218 845 


However, since helper-engine service could established and 
maintained also Black Oak and Copper Ridges, probable cost 
$227 000 each place, the engine mileage either point not being 
more than half that the Cumberland-Clinch divide, the utmost 
amount would have been economical spend the change 
these two points was about Thus was more economical 
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build the tunnels the amount $454 000 less $195 180 140 000, 
$118 820. soon the President the Louisville and Nashville 
Railroad understood the matter fully authorized the change, with- 
out hesitation. 

When the order was made reduce the south-bound grades 
ft., there were some long minor grades which the curvature had 
not been compensated, that the total resistance was above that 
the new ruling grade. the construction had barely begun most 
the line, the corrections were inexpensive; but, the road had 
already been operation, the failure compensate the prevailing 
minor grades would probably have resulted the adoption higher 
ruling grade than that which was applicable country. Even 
the heaviest grades had not been reduced the time, with the prob- 
able heavy traffic prospect, was almost certain that sooner 
later the heaviest grades would have been reduced operated 
helper engines, that clear that the heavier minor grades should 
have been compensated the outset. 

was also now contemplated reduce the south-bound grades 
back the operated road, between Saxton and Corbin, and also 
the Atlanta, Knoxville and Northern for some distance below Knox- 
ville, the same rate. Thus the plan became more com- 
prehensive scheme. 

Now, true that, under ordinary conditions, the road were 
laid out contemplating the use helper any point, this adopted 
ratio and for the helper grade the ordinary uneco- 
nomical; but, the helper engine the same class the 
regular engine, the helper grade, ordinarily, could heavy 
1.4%, the grade for the regular engine was But there were 
very good reasons why this grade against south-bound trains was 
not altered: 

(1) The contract for the construction the road through the 
mountain district had been let for some months, and the work was 
well under way before this change 34-ft. grades was contemplated. 

(2) The 1.4% grade would not have shortened the line all, and 
the valley into which that grade would necessarily have descended 
was narrow and rugged that there would have been little saving 
over the grade. 

(3) account the peculiar conditions under which the road 
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would probably operated, was wise certain that the 
grade would used helper grade. But even were, and the 
grade revision was carried back forward the old road 
make complete freight division, there would many train 
which would not require the service the helper grade, and 
yet certainly would grade. 

The writer does not pretend that these adopted grades ft. 
and ft. south-bound, and ft. and ft. north-bound, were 
studied out and adjusted accurately the needs the future 
The probable future traffic was considered, but the grades adopted 
were simply the best that the country afforded reasonable 
expenditure from per mile, below sub-grade, 
each them being fixed long, continuous ascents—to alter 
materially any one which for the better could done only 
expenditure not warranted the anticipated traffic. 

the supposition that the plan reducing south-bound grades 
the old road was not carried out, the scheme operation, 
affected these grades, without using helper engine, could 
outlined roughly follows: 

was certain the outset that spur line would branch off 
the south end the Narrows the excellent, but undeveloped, coal 
fields the Clear Fork and Laurel Fork Valleys. was also certain 
that spur line would branch off the neighborhood Clinton 
the coal fields the vicinity Oliver Springs. Thus, operation, 
freight trains out Knoxville would set off empties along the route 
till they were lightened sufficiently pull the 61-ft. grade north 
Follette. Going south, trains would leave the head the 
Narrows with only such loads could pull the 53-ft. grades, 
and would pick enough loads Follette and other points 
the route load them fully into Knoxville. 

The writer has been impressed with the number instances 
has his practice which engineers have lost sight the 
important fourth principle, mentioned page 136, that special 
instance, illustrating how some expensive and unnecessary rise and 
fall was avoided, will cited. 

The survey for this road was commenced, under other engineers, 
Follette, the station the Tennessee Northern, and pro- 
ceeded northward. The idea mind was parallel the Tennessee 
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Northern through the town (see Fig. 4), and use the station, already 
built, for both roads. The same parties controlled the Tennessee 
Northern, all industries, and most of. the land near Follette, and 
was considered them very great importance their plan 
development that, through the town, the old road should paral- 
leled the new. The 61-ft. grade, from the Cumberland- 
Clinch divide did not ‘‘touch until just before the station 
was reached. The profile shows ‘‘the hole” which the station 
would have been the original location had been retained. hap- 
pened that was some months after the original line from Fol- 
lette northward was run before the writer sent engineer 
Follette begin the survey for the extension the line toward Knox- 
ville, and the idea that the location the road through the town was 
fixed above had pretty well crystallized the minds all con- 
cerned. This engineer’s instructions were start the summit 
south Follette (at Station 410, which was objective point) 
with the grade elevation the Tennessee Northern the summit, 
and find supporting ground back through the town for level grade, 
extending back into the gap intersection with the long 61-ft. 
grade. The map and profile show the line that was secured. was 
about cheap construct the other, gave less curvature, and 
was some 700 ft. shorter. placed the station about 300 yds. further 
from the center the town than the other station would have been, 
but good connection with the tracks leading all the Follette 
industries could had the summit mentioned and the point, 
This point was just south the intersection all tracks the Ten- 
nessee Northern leading all the coke ovens and coal mines, and 
was just north all tracks leading the three crushers, brick-yards 
and furnace; and the only land available for yards for the new road, 
the vicinity, was and near this summit Station 410. 

There was vigorous opposition the new location through the 
town, however, but the common-sense view the matter prevailed 
the end, and the road was built, should have been, the upper 
grade line. 

The comparative advantage operation this upper line was 
palpable that was never attempted calculate how much more 
economical was than the other line. have put the station for 
this important town such place was contemplated with ft., 
vertical, unnecessary maximum grade immediately each side 
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it, would have been bad engineering, even the traffic from this point 
alone was considered; but put station through line 
such place, which all heavy trains would probably have stop, 
when could avoided any reasonable outlay, would have been 
the height folly. 

After all the contracts for the construction the main line and 
the Clear Fork Branch were let, was found that required very ex- 
pensive construction connect the Oliver Springs line, either 
Lee’s Ford just the north side the Clinch, miles below 
Clinton, which were regarded the only available points. The pro- 
posed routes united near Dosset. reach Dosset from Lee’s Ford 
required miles road, bridge over the Clinch, and tunnel 
through Black Oak Ridge No. reach Dosset from the second 
point required miles very heavy work and tunnel through the 
same ridge. plan building the branch then would 
necessitate tunneling this ridge twice, once for the main line north 
Clinton and once for the branch line southwest Clinton. Since 
was fixed fact that the branch line would constructed, was sug- 
gested that might better turn the main line southwest 
point miles south Coal Creek, take through Dosset and make 
the point junction for the branch line Dosset. This plan would 
save the construction one tunnel, and either one bridge over the 
Clinch and the construction and operation miles road the 
construction and operation miles road. But would miss the 
Clinton. Examination showed that, when the construction 
both the main line and the branch line was considered whole, the 
proposed change was advantageous point alignment, distance, 
and economy. The gradients the main line were not benefited 
materially the change, but those the branch line were benefited 
very much. tunnel the ridge the branch line, with the gra- 
dients adopted for it, would have required 500 ft. tunnel, but the 
gradients now decided upon for the main line required 520 ft. 
tunnel. Thus, saving the and the 500-ft. tunnel, 
and making the 520-ft. tunnel, there was 320 ft. more tunnel 
construct, but the cost the expensive approaches one the 
tunnels was saved. 

The town Clinton was already well provided with railway 
facilities, and had not the population nor any industry give 
claim for consideration against such advantages. The last census 


q 
| 
a 
4 
r 
Ly 
ie 
for 


146 RAILROAD LOCATION. 


showed that was decreasing population. Therefore the line was 
changed pass through Dosset; and the further advantage was 
secured that, against south-bound trains, the two principal branch 
lines have the same limiting gradients the main line. Thus the 
road laid out somewhat the same principle that which 
stream departs from its direct course meet its principal tributaries. 

The road, located finally, 78.8 miles length, from Saxton 
Asylum Street Knoxville, making the length road exceed the 
straight-line distance instead the Knoxville and 
Ohio Branch the Southern between the same points. 

The roughest country encountered was from the head the Nar- 
rows the Cumberland-Clinch Divide, and here 10° curves were used. 
Quite expensive construction was necessary the south side this 
divide far Follette, and here maximum curves was 
used. Rough country was also encountered the miles north 
Coal Creek, and the ascent through Copper Ridge. sharpest 
curves used the last two points were 6°; the remainder the road 
was located light curves, that the points where curvature would 
reduce high speeds materially were bunched. From Saxton Fol- 
lette there are ninety-two curves, the total angle turned being 717°, 
145° curvature per mile. From Follette Knoxville there are 
one hundred and nineteen curves, with total central angle 692°, 
69° curvature per mile. The minimum tangent was 300 ft., and 
all curves above were spiraled. The Holbrook spiral, with three 
different rates spiraling, was used. For curves under 5°, aspiral in- 
creasing was used (called 60-ft. spiral). above 
and under 7°, 30-ft. spiral was used, and for curves from 
10°, 24-ft. spiral was used. will noticed that the rate spiral- 
ing changed sharply passing from curves about those 
lesser radius. The reason for this was that curves and less, with 
60-ft. spirals, were intended used open country, and the curves 
higher degree, with the 30-ft. spirals less, were intended used 
only country where was necessary use curvature such high 
degree would necessarily limit the speed fast trains, The curves 
were located originally without spirals, but the resident engineers put 
the spirals just before staking out the work, that the road was 
constructed the spiraled alignment. will noticed that these 


spirals would all fit in, usually with some distance spare, the 
300-ft. 
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The grade breaks were rounded off vertical parabolic curves, 
changing the rate grade 0.2 ft. per 100-ft. station summits, and 
0.1 ft. per 100-ft. station sags. 

the final location adopted, there were seven tunnels. the 
miles road, aggregating nearly 000 ft.in length. One these 
tunnels the mountain district was located partly 10° curve, 
that the spiral approach curve, with its varying curvature and rail 
superelevation, came within thetunnel. The rule used for increasing 
the tunnel section, give every point practically the same 
clearance tangents, for 80-ft. Pullman dining car, was: 


Widen the tangent section in. per degree, both the inside 
and the outside the curve. addition, widen the section 
the inside the curve ins. per each inch superelevation.” 


This particular tunnel was hard sandstone not requiring lining. 
The tangent section was rectangular from subgrade ft. above 


(16x17), with curves 5-ft. radius the upper corners. The rule 


gives slight excess clearance the outside the curve, which, 
some extent, allows for the compression and swing the car 
springs. 

the time writing this paper (December, 1903), practically all 
the grading, except that the Knoxville yards, completed. Sev- 
eral the tunnels are completed, but the 520-ft. tunnel Dosset 
cannot completed, probably, before some time the summer 
The main line being built with permanent structures, 
timber bridges bridge supports being used, except four wooden 
trestles which are filled in, eventually, with steam shovel and 
train. 

openings the main line, there are eleven concrete and’ stone 
masonry arches from 12to 26ft. span. There are thirty steel 
bridges, masonry piers and abutments, and two viaducts 420 
total length. These steel bridges consist three through spans, one 
150 ft. and two 200 ft., and sixty-seven plate girders the fol- 
lowing kinds, writing their lengths the nearest ft.: One 40-ft. 
through, one 45-ft. through, one 80-ft. through, and one 45-ft. double- 
track deck; and single-track deck girders the following lengths and 
number: Two 14-ft., six 30-ft., six 40-ft., eleven 45-ft., one 50-ft., nine 
60-ft., twenty-one 70-ft., one 90-ft., and one 120-ft. these structures 
there are 529 cu. yds. first- and second- class bridge and arch 
masonry. addition, there are 248 cu. yds. culvert masonry. 
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The total cost construction the main line ready for operation, 
exclusive rolling stock and equipment, now estimated 
450 000, little excess per mile. The cost the 
Oliver Springs Branch estimated $300 000, and the Clear 
Fork Branch $93 000. 

will inferred from the foregoing discussion, the lay-out the 
road, far more weight was given gradient and the securing traffic 
than curvature and distance. economy operation any 
wise proportional the smoothness the grades, economic- 
ally located road, considering the country. seeking measure 
grade smoothness for such purpose, the smoothness gradient 
should taken vary inversely the total number feet, verti- 
cal, ascended and descended maximum, least expensive, 
grades; but, taking the smoothness vary inversely the total 
number feet ascended and descended, some interesting comparisons 
may shown. 

From the crossing the Clinch, Clinton, Knoxville, the 
Knoxville and Ohio Branch the Southern, the total rise 641 ft. 
and the total fall 601 ft., total average rise and fall per mile 
59.2 ft. From the crossing the Clinch, this line, Knoxville, 
there are 290 ft. rise and 264 ft. fall, making total average rise 
and fall per mile 21.5 ft. Measured above, the smoothness 
this new line exceeds the smoothness the old line, the same 
country, 173 per cent. 

this respect, the smoothness this road compares favorably 
with the smoothness some prairie roads. The average total rise 
and fall per mile from Saxton Knoxville 26.2 ft. The average 
total rise and fall per mile one the principal roads from Kansas 
Chicago, for the first 100 miles out Kansas City, across the 
Missouri prairies, 37.2 ft. per mile. Thus, measuring grade smooth- 
ness this standard, the smoothness this mountain road, crossing 
the direction the prevailing ridges and ranges, exceeds the smooth- 
ness this prairie road per cent. 
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THEORY THE SPHERICAL DOME WITH 
HOMOGENEOUS SURFACE, AND THE 
FRAMED DOME; ALSO 
CONSTRUCTION MASONRY 
AND METAL DOMES. 


Discussion.* 


Assoc. Am. Soc. (by writer Mr. Church. 


will confine his discussion (except below) the first few pages 
the paper, involving demonstration the stresses the ordinary 
spherical dome; which understood homogeneous, uniform 
small thickness, and composed small blocks voussoirs the surfaces 
contact which are vertical meridian planes the sides, and conical 
beds the top and bottom, each such conical surface being part the 
surface right cone having vertical axis and its vertex the center 
the sphere. Since these bearing surfaces are assumed smooth, 
the stress, compressive, right angles the surface; while, 
the stress tensile (as may occur the sides), will supposed 
keep its form and position. 

While the final general results, stated Equation 21, for the case 


This discussion (of the paper Schmitt, Assoc. Am. Soc. E., printed Pro- 
ceedings for December, 1903), printed Proceedings order that the views expressed 
may brought before all members for further discussion. 


Communications this subject received prior March 25th, 1904, will pub- 
lished subsequently. 


No. 
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the open dome (and this includes all the other cases), are correct, 
the manner demonstration, the writer’s opinion, extremely 
obscure and elusive. The first obscurity Case page 
1104.* Here the author states: the base any dome, two prin- 
cipal stresses exist, and must balance each other.” This might 
taken the common loose way saying ‘‘certain forces balance 
each other,” when what really meant that certain body, under 
the action certain set forces, equilibrium, balanced,” 
under those forces; but, the foot the page plainly implied 
that these stresses,” per unit length their respective beds 
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surfaces, are assumed equal each other. The author does not de- 
nor represent diagram, any special body voussoir 
which both these forces act, prove their equality the laws 
mechanics, but, apparently, makes the assumption equality 
without adequate reason; that is, that The proof that the 


meridional thrust, per unit length horizontal circumference, 


u 

pear pure assumption, valid reason being adduced, that the 

writer able discover. The obscurity deepened the state- 
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ment that the force per unit length and for Mr. Church. 


one unit length along the meridian.” the ring 
stress difficult see how can measured per unit length 
(horizontal) circumference. Perhaps the author might have made 
himself better understood this force, had been shown, 
diagram figure, acting some definite body. 

the result endeavor gain some insight into what the 

author means the force, Case II, the writer offers the following 
treatment the spherical dome, which the use trigonometric 
functions (except one instance), and the notation the differen- 
tial have been avoided purposely. 
order that results may apply any spherical dome, the case 
the open dome has been taken; supposed divided regularly 
(by meridional planes and conical surfaces), into small voussoirs. 

The notation used the same the paper (with other symbols 


needed). Fig. 39, Nis typical small voussoir situated 


ring, the radius drawn the upper edge which makes angle, 
with the vertical axis the dome, while that the lower edge 
makes angle, voussoir the crown ring this open dome 
sphere, while and are the radii the horizontal circles passing 
through Mand The ungula, subtends small angle, 
the vertical axis. Let the small length, denoted its 
vertical projection being and its horizontal, the center the 
sphere. The system forces acting the voussoir, and holding 
equilibrium, consists the two meridional thrusts from neighbor- 
ing voussoirs above and below, two lateral thrusts from the adjoining 
voussoirs the sides, and the weight the voussoir itself. This 
weight not shown the figure has horizontal component and 
hence does not affect the mathematical work (based Fig. 40) which 


‘is follow. the 


thrusts right angles 
the corresponding sur- 
face, the two lateral ones 
being, course, equal 


the meridional thrust 


unit length horizontal 
circumference, while 
the side thrust hoop 
thrust (perhaps tension) 

per unit length meridian, the values the thrusts will be, respec- 
tively, and Bs; marked Fig. 39. the same 
process that pursued pages 1104 and 1105 the paper, may 
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Mr. Church. easily proved that 


per unit spherical while the value Bis determined. 

Fig. shows the horizontal projection the system forces act- 
ing the block voussoir, from which seen that, since 
the block equilibrium, the sum the radial components e., 
parallel the line bisecting the small angle, the two forces, 
Bs, must numerically equal the difference the two radial forces 
involving and A’. this fact formulated and the above values 


7 


which, 


After cancelling the terms, and —S, noted that, the 
terms remaining the bracket, all but three contain factors two 
more the small lengths, while the three question con- 
tain only one; hence and become indefinitely small (and finally 
zero, since wished discover the value for mere point 


close the upper corner the block) the former terms will vanish, 
compared with the three; 


But, from similar triangles, and 


and, therefore, 
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2: 2 


which identical with the result Equation the paper. (The 
writer, however, sees occasion for the reservation made the 
author the few lines immediately under Equation 21.) 

Now note the effect supposing the horizontal ring, which the 
block, belongs, destitute weight, all the rings above 
still retaining the property weight. Then, while remains 
before, the value becomes 

The same steps being followed before, found that, instead 
Equation 79, there obtained 
and, instead Equation 80, 


Cancelling the two terms, and the brackets, and neglecting 
ne 


the term...... which contains two the small quantities, 
and added the other terms which contain only one, there 
obtained 


which equal but contrary sign. 

comparison Equations and shows that the former can 
obtained from the latter simply adding the term, which 
nothing more less than the horizontal (compressive) hoop stress 
which would occur this ring were the crown ring open 
dome (see Equation page 1104), which situation the hoop stress 
the ring would due solely its own weight. might now 
contended, with some plausibility, that the term added the 
expression for the hoop stress, just found the supposition that 
the ring question has weight, order establish value for 
holding good case the weight the ring considered, should 
this very term, ph; which known the complete value the 
hoop stress situation where the ring’s own weight the sole 
cause hoop stress. Perhaps some such idea this was the 
author’s mind when the treatment Cases and III was written; 


. 
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Mr. Church. but the writer must confess himself unable apprehend what the 


author means the stress called Bin Case II, horizontal 
ring stress, the bed-joint the base” any dome. Since any 
horizontal ring voussoirs acts base for the portion the dome 
situated above it, would seem the phrase ‘‘horizontal ring 
must mean the hoop stress any horizontal ring, viz., 


but the author, evidently, considers that 


Case has not reached the proper stage for announcing this value 
for before remarked the writer, the representation some 
definite body, the way voussoir collection voussoirs, 
some the forces acting which involve the the author’s Case 
IL, would seem necessary, his meaning made plain. 

The obscurity the treatment the force, Case II, 
probably connected with Proposition This proposition 
the writer holds fallacy, which, while harmless (as regards 
final results) the author’s treatment the spherical dome, gives 
rise erroneous expression for domes other forms. 

For example, the case the conical dome, results for which are 


stated the foot page 1134, the author claims 
2 


(In Equation the writer has put for and p,, done the 
author page 1135). But, applying the conical dome the same 
treatment that just given this discussion for the spherical dome, 
the writer finds that the results should 


A=+ (70a) 


from which would appear that all conical domes, whatever 
the angle inclination, the hoop stress, always 
compressive. 

course, Equation instead Equation 71, gives the true 
value then the author’s conclusions, occupying the whole page 
1135, are incorrect. According one these conclusions, the 
horizontal conical dome the sides which are steeper 
than 45° with the horizontal are subjected horizontal tension; and, 
according Equation 71, the angle increased the greater would 
the tension. But, 90°, the cone becomes cylinder, infinite 
height, which case, course, there hoop stress either 
kind the horizontal courses; but, from Equation 71, this hoop 
stress, for angle 90°, would tensile, and infinite value, 
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whereas, from Equation 7la, zero, which known true. Mr. Church. 
That Equation erroneous, would therefore seem manifest. 
result the author’s general expression for reaches the 
result that truncated conical dome there exists joint rupture; 
but, the opinion the writer, this conclusion altogether erro- 
neous, for the reasons just given. 


The detail the work deriving Equations 70a and 
follows: 

Fig. shown small block voussoir, (of full conical 
dome, homogeneous and uniform thickness), being part hori- 
zontal ring-course the radius the upper edge which the 
lower edge, and bounded the sides two vertical meridional 
planes, and making with each other small angle, 
The elements the cone make angle, with the horizontal. 


— 
. 
3 
7 
ar 
A? 0 | 
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being the meridional thrust per unit length parallel,” and the 
circumferential, hoop stress, per unit length meridian, the four 
thrusts acting the small block are and two side 
thrusts (each Bs). slant height, and the altitude, 
the part the dome above 

First, find consider the part the dome above 
weight (where the weight per unit area the con- 
vex surface and must equal the sum the vertical 
components all the thrusts the curved edge its base, the length 
Therefore, 


view subsequent work, more convenient form for (more 


convenient, although ‘‘cloaked the abominable trigonometrical 
obtained thus: 


2sin. cos. 

(This shows that directly proportional the radius 

Returning Fig. (in which the weight the block, 
shown though not needed for subsequent work, has 
horizontal component), noted that for equilibrium the system 
forces obtained projecting the actual forces horizontal plane 
will itself system equilibrium. Fig. will serve represent 
the result this projection (except that equal the present 
case). Fig. 40, summing the components parallel the radius 
bisecting the small angle 


whence, from Equations and 84, 


therefore, 


But, the small distance, grows indefinitely small, vanishes 
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when added that Mr. Church. 


easily shown that case the conical dome truncated, 
whether with without lantern, the value given Equation 


a 


The value however, would different from that given 
Equation 70a, the dome were truncated had lantern, 

may interest state that the results, for the conical dome, 
derived the writer, are exact agreement with those given 
Rankine his Rankine, however, does not 
present details derivation, but merely outlines general method 


for all domes, making use the principles differential. 
calculus. 
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the author the extent the commerce the rivers Euro- 
pean Russia are extremely interesting, and, the writer, very 
surprising. 

The writer, Superintendent Dredging Operations the Mis- 
sissippi River below Cairo, has had some experience which may 
interest, and presents the following, not criticism the paper, but 
possible additional information the subject. 

the Mississippi River, the location the channel dredged 
across the obstructing bar much more importance than the shape 
size the cut made. improperly located cut will not 
maintained, whatever its shape size, while, the other hand, 
the cut located get the maximum effect the current along 
its axis will probably maintained, not enlarged, during the 


low-water season. rule for this location can laid down. 


only determined study the conditions each individual bar, 
and, very largely, matter experience. 

Usually, when dredging required most urgently the Missis- 
sippi, the river falling very rapidly, and the problem open 
the channel quickly possible. 


Continued from January, 1904. Proceedings. See October, Proceedings, for 
paper this subject Maximoff, Assoc. Am. Soc. 
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During the last dredging season the river Cairo fell from stage Mr. Maltby. 
11.7 ft. December 2.8 ft. December 20th, almost9 ft. 
eighteen days, and the rate fall during the interval was fairly 
uniform. the ruling depth which was desirable maintain over 
the bars was reached about ft. the Cairo gauge, and the num- 
ber dredges available just that time was limited, was impor- 
tant that work should done rapidly possible. instance 
how rapidly this work done, the writer cites the instance bar 
which, the arrival the dredge, had possible channel ft. 
over it. Where the dredged cut was located, the least depth was 
about 5.5 ft. hours after arrival the bar channel not less 
than 200 ft. width and depth had been made. The 
bution time was follows: 


During this time six cuts were made having total length 440 
ft., and average depth cut The depth channel given 
above the least depth the bar after the dredging was completed; 
there was depth about ft. along the axis the dredged cut. 
This channel was maintained and improved steadily both depth 
and width during the remainder the season. 

Possibly, more rapid work might cited, but the foregoing will 
give fair idea the amount and kind work done. Evidently, 
under these conditions, there chance for any fine regulation 
the depth the suction shoe allow for slope the bottom 
the cut either direction. 

The writer wishes criticise the method proposed the author 
only its applicability the Mississippi River; theoretically, his 
reasoning seems sound, and, conditions can found which 
follow the assumptions, the results should predicted. 


Am. Soc. (by letter).—The writer agrees Gerig. 
with the author’s statement the dredge should properly de- 
signed for the work should not only 
cient dredge for dredging river channels, but should also designed 
that can moved quickly from one bar another without much 
loss time towing and placing the plant. the Mississippi, 
often requires only from hours dredge one bar, and then 
the dredge and plant must moved quickly bar. This 
part the design dredge often overlooked, thought little 
importance, the designing engineer. 

Dredging channels through river bars usually necessary cer- 
tain periods, when the riveris low, and ona river like the Mississippi, 


AS 


Mr. Gerig. 
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where fall from ft. above the mean low-water mark has occurred 
two three weeks, the main object dredge the channels 
through the bars quickly possible, that navigation will not 
interfered with. When the Mississippi continues fall slowly during 
long period, many the bars are deepened the current and 
not need dredging; but, where the fall rapid, the bars not cut 
fast the river falls. This increases greatly the amount work 
done, and the number places dredged. then necessary 
that the channels dredged located that channel proper 
width and depth obtained with minimum amount dredging. 

dredged channel the Mississippi, located properly, usually 
permanent during the low-water period, provided rapid rise fall 
the stage the river has occurred, and that obstructions, such 
sunken snags, logs barges, which are moving along the bottom, 
have not lodged near the head the These obstructions 
often cause the channel filled. After flood, even after 
rapid rise and fallin the river, happens sometimes that there 
large bar the place where, few months previously, the channel 
the river flowed. 

the beginning the past low-water season, the least water 
the Mississippi, between Cairo, and New Orleans, La., was the 
bar known Peters Towhead which about miles be- 
low Memphis, Tenn., where there was depth only ft. the 
channel when the river was some ft. above the mean low-water 
mark the Mhoon gauge. the river could have fallen suddenly 
the mean low-water mark, there would been bar ft. high 
extending entirely across the river. 

The Dredge the Mississippi River Commission’s dredge 
fleet, was placed this bar that time and dredged channel 250 ft. 
wide and ft. deep, making five cuts. The width each cut was 
ft., and the ridges left between the cuts were removed the cur- 
rent. This channel remained for some thirty days, when, after rise 
some ft., showed signs filling up. When the river com- 
menced falling, the dredge was again placed this bar the previous 
location, and made five more cuts depth ft. the river re- 
ceded slowly, this channel was enlarged the current, and when the 
river had fallen about ft. above the mean low-water mark the 
Mhoon gauge, some three months after dredging, although there had 
been several fluctuations the stage the river, there still remained 
9-ft. channel ample width. The bars both sides this channel 
were dry the lowest water. 

will probably interest note that this dredge suction 
dropping down stream over the bar. The arrangement very simple 
and works well. has been found that when the bar dredged 
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composed ordinary river sand, the down-stream method Mr. Gerig. 
dredging the more effectual, for the following reasons: 

First.—That when the cut completed, all the material has been 
removed, and there remains full-depth cut. dredging stream 
the material put suspension the agitator deposited the cut 
under the dredge, while dredging down stream, the material 
deposited under the dredge removed the dredge proceeds down 
the stream. 

Second.—That when the first cut made down stream, and extends 
from deep water above deep water below the bar, there decided 
increase the velocity the current the cut, which assists the 
dredging materially the erosion the sides and bottom, and thus 
reduces the number cuts made. 

Third.—That more progress made down-stream dredging, 
since there danger breaking the hauling cables machinery, 
and, consequently, the operator will feed the dredge its full 
capacity. This demonstrated the record this dredge made the 
Joe Echols during December, 1903. The material was ordinary 
river sand, free from drift and logs, and the average depth cut was 
3.5 ft. average 250 ft. cut per hour was made dredging 
down stream, and 230 ft. while dredging stream. 

Fourth.—By being able dredge both ways, much time saved, 
changing cuts and placing the dredge, since all that necessary 
move the dredge over one side the cut previously made, 
reverse the suction head and begin dredging. 

From experience gained the Mississippi, the writer thinks 
would impossible lay down prescribed method for dredging, 
for the reason that there are different conditions, even the different 
bars the same river, which have overcome. seems 
best, however, that least the first and last cuts should made 
down stream with the current, and that, where there ample time 


the work, the upper end the channel widened funnel 
the water into it. 
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1887, has had some knowledge the facts referred this paper, 
has been familiar with some Texas railroads and their terminals, and 
acquainted, more less, with the physical conditions the south- 
ern and western portions that State. 

has doubt whatever the general beneficence the Texas 
railroad law, beneficent generally all parties except perhaps the 
old-time railroad promoter. 

The law, and generally its just operation, has cured many unmiti- 
gated and notorious evils. Not only has the public Texas been 
benefited, but also the investor railroad securities from outside the 
State. The people Texas now have just and uniform rates 
transportation, and the investor knows what purchasing, and 
may reasonably sure return his investment. 

This discussion (of the paper Thompson, Am. Soc. E., printed 
Proceedings for January, printed Proceedings order that the views 


expressed may brought before all members the Society for further discussion. 


Communications this subject received prior March 25th, 1904, will published 
subsequently. 
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the methods valuation described, and these are about the Mr. Corthell. 


only strictly engineering questions involved the paper, there 
appear some serious objections. 

Both old railroads—that is, those which existed prior the pas- 
sage lawin 1894—and new roads, are valued according the 
judgment the State Engineer, current market prices for 

Would not more reasonable obtain the contract prices paid 
the company constructing its railroads, and the actual cost 
from its books when doing the work its own day labor? Are the 
railroad officials untrustworthy and deceitful that they could not 
trusted give correct figures? One would hardly expect that 
the officers railroad company would enter into collusion with the 
contractors order show larger cost than the actual so, then 
the law could reach them and punish them for fraudulent practice. 

valuing pre-existing properties, the author states that ‘‘no 
additional allowance was made for the value seasoned roadbed, 
most important item the real cost old road thus 
eliminated from the valuation, without further reference 
explanation, while every railroad engineer who has had the experi- 
ence maintaining railroads knows how costly ‘‘seasoning” is. 
illustration, may stated, from reliable reports, that, consider- 
ing all the various lines the Southern Pacific System Texas, for 
the ten years prior 1894, the cost seasoning,” that is, physical 
betterments, changes alignment, restoring washed banks, raising 
roadbed, rebuilding after washouts common experience Texas), 
raising track, etc., etc., cost 734.30 per mile track. This appears 
all the more important when considering the extremely low val- 
uation which the Commission has placed the road. 
Table No. found, for instance, that the 919.06 miles the 
Harrisburg and San Antonio” (one the principal lines 
the main line the Southern Pacific) are valued $16 142 298, 
only $17 564 per mile, whereas the alone has cost one- 
fourth this. 

Again, the cost ‘‘legal and engineering expenses and superin- 
tendence” allowed the rate the total estimated 
value the road, which entirely too low cover these important 
and costly items; and where are the other costs, such contingent 
expenses (which engineer would generally estimate from 
20% the estimated cost), general expenses, right-of-way agents, 
and all the multitudinous employees who must upon every rail- 
road any importance during its preliminary and constructive 
periods? And yet, the estimate which base the permitted issue 
stocks and bonds made upon the report engineer who goes 
over the road with profile and estimates his quantities from center 
heights. Any expert engineer, who has had examine and report 
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Mr. Corthell. upon the value railroad properties, knows how utterly inadequate 
such method is, get the actual cost railroad, even approxi- 
mately. This, the writer knows his own experience examining 
and reporting upon about 600 miles railroad this same State 
Texas. 

Considering all the items that make the actual cost 
good railroad, with all its appurtenances, from the right way 
the rolling stock, the valuation $20000 per mile 
entirely inadequate cover it, Texas, least. 

All the old roads, that is, all roads existing before the Commission 
made its valuations, are and probably always will be, debarred from 
the issuance any more stocks bonds, matter how many and 
how costly may the physical improvements equipment they put 
into their properties, wish put intothem. Although the valua- 
tion the Harrisburg and San Antonio” given 
$16 142 298, this road, the time its construction, had stock 
and bond issue $52 612 400, divided nearly equally between stock 
and bonds. 

dividends have ever been earned the stock, and, doubt, 
most was what may called watered stocks; but until, 
betterments and general additions the value the property, its 
valuation the Commission has reached, the same mileage, 
$52 612 400, stocks bonds can issued—a rather hopeless 
future—so that, make any increase equipment any sub- 
stantial improvements, there method which the road can 
borrow any money. 

The writer believes that all the companies old Texas railroads 
would have been perfectly satisfied with the work the Commission, 
respect this feature, had fair estimate their properties been 
made the outset, that they might earn the legal rate the law 
their investment, viz., per cent. This refers the fact that the 
Commission fixes the rates that the companies may earn the legal 
rate the valuation the properties made the Com- 
mission. 

Texas great State and rich agricultural country, and has 
great future. any hardship, which unreasonable methods 
have brought about, will disappear time, with juster methods 
valuation, and better appreciation the work which the railroads 
are compelled do, and the expenses they have meet. 

The legislators who framed the law and the Commission which 
enforces it, were actuated the best motives and for the general 
good all interested, especially the public, which suffered under the 
former conditions. The writer desires say that, from personal 
acquaintance with the honored Chairman the Commission from the 


outset, knows more conscientious and patriotic man than 
Judge Reagan. 


DECEASED MEMBERS. 


will reproduced the Volumes Transactions. Any informa- 
tion which will amplify the records here printed, correct any errors, should 
forwarded the Secretary prior the final publication. 


1904. 


William Ward Reed, son William Wyndham and Elizabeth In- 
gram (Smith) Reed, was born Ashtabula, Ohio, April Ist, 1824. 
was New England descent, his great grandfather, Colonel Seth 
Reed, physician Uxbridge, Massachusetts, having commanded 
regiment the battle Bunker Hill. Colonel Reed, his wife and 
two sons were among the pioneer settlers Erie, removing thence 
from Ontario County, New York, 1795. 

William Ward Reed was educated the academies Ashtabula, 
Ohio, and Erie, Pennsylvania. Here acquired good, practical 
education, but added largely this his careful reading 
general history and many branches science, and especially his 
studies the higher mathematics, thus laying broad foundation for 
his future profession civil engineer. 

From early life Mr. Reed was active and energetic whatever 
undertook, whether student man business, and was especially 
thorough the studies and practical matters pertaining his chosen 
profession. 

His first service civil engineer was the location and con- 
struction, 1849-50, the Erie and North East Railroad, now part 
the Lake Shore and Michigan Southern Railroad, and while engaged 
this work was advanced the position Assistant Civil Engi- 
neer. September, 1851, went Canada, and was engaged for 
four years the Ontario, Simcoe and Huron Railroad, between To- 
rento and Collingwood, Ontario. During the following year was 
engaged the construction the harbor Collingwood, and was 
next charge the construction the Niagara Road, from Clifton 
Niagara-on-the-Lake. During the next two years was Contrac- 
tor’s Engineer the Sarnia Branch the Great Western Railroad. 

aqueduct over the Elk Creek, the Pennsylvania Erie Extension 
Canal,” work more than ordinary engineering difficulty. After 
completing this work was elected Superintendent the same canal, 
1859, position which held until the canal was sold the 
Pennsylvania Railroad Company, and them closed and abandoned. 

1867, when The Board Commissioners for the construction 
system water-works the City Erie was constituted, Mr. Reed 
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was made member the Board, and subsequently was elected their 
President. continued hold this important position for twelve 
years, and was under his administration that the works were built 
and the first pump installed; and, later, his engineering skill and 
experience were called into play the construction the great res- 
ervoir Twenty-sixth Street. Subsequently, was engaged for 
number years, either contractor engineer, various rail- 
roads, until retired from business. was one the founders 
and original stockholders the Second National Bank Erie, and 
was for many years one the Directors and, for part this time, 
Vice-President. 

Mr. Reed, notwithstanding his busy life civil engineer and con- 
structor, was always public-spirited citizen, and liberal his sup- 
port charitable and benevolent enterprises. was one the 
Board Managers the Hamot Hospital, and was long prominent 
member the Masonic Fraternity. was member St. Paul’s 
Episcopal Church, which had been Vestryman for more than 
twenty years. Deeply interested the political questions and move- 
ments the day, was active member the Republican party 
and pronounced advocate the protective policy that party; and 
for three successive terms received the support large majority 
the Republicans his county their nominee for Congress, but 
suffered defeat the nominating convention the district. 

Mr. Reed was quiet and reticent habits, but always positive 
and outspoken his views when circumstances demanded their 
expression. kind and generous spirit, invariably won the 
affection and esteem the men employed under him. was never 
married, but his home life was most tender and devoted son and 
brother, and toward his associates social and business life faith- 
ful friend. 

Endowed with very retentive memory, and giving himself up, 
the quiet retirement his later years, diligent course histori- 
cal and scientific reading, became almost oracle information 
many subjects. His business judgment was sound that was 
frequently consulted important matters, and his advice was highly 
regarded his business associates. pure and upright character; 
resolute will, self-poised and self-reliant, bearing resolutely the 
misfortunes that came upon him, through the dishonesty others, 
the latter portion his business career, and enduring uncom- 
plainingly the severe sufferings his last days, William Ward Reed 
passed away, deeply mourned all the members his family and 
the inner circle his many attached friends, bearing with him the 
undiminished respect and esteem the community which, many 
capacities, had long and faithfully served. 

Mr. Reed was elected Fellow the American Society Civil 
Engineers December 20th, 1872. 
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THE SOCIETY. 


March 2d, 1904.—The meeting was called order 8.40 
Vice-President Deyo the chair; Charles Warren Hunt, 
Secretary; and present, also, 193 members* and guests. 

The minutes the Annual Meeting, and the meetings Feb- 
ruary and 17th, 1904, were approved printed Proceedings for 
February, 1904. 

The Chair declared the ballot the proposed Union Engineering 
Building closed, and appointed Messrs. John Van Horne, John 


Registered, but least 100 failed register. 
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Temple, Albert Carr, Wagner and Chicotte tellers 
canvass the ballot. 

The Secretary reported that sufficient number ballots the 
appointment Special Committee and Steel-Con- 
had been received enable count made. 

was moved, seconded and carried, that the matter referred 
the Board Direction. 

paper Herbert Wild, Jun. Am. E., entitled Sub- 
structure the Marsh River Bridge,” was presented the author 
and illustrated with lantern slides. The subject was discussed 

The Secretary presented letter from Charles Darrach, Am. 
Soc. E., forwarding some samples concrete made during freezing 
weather. The subject was discussed Messrs. Francis, 
Leslie, Croes, Charles Gowen, Aiken and others. 


Ballots for membership were canvassed, and the following candi- 
dates elected: 


MEMBERS. 


Curry, Zacualpan, Vera Cruz, Mexico. 
Epwin Grimes, Troy, 

Fort St. Philip, La. 

Jr., Lansford, Pa. 

New Haven, Conn. 

New York City. 

JaMES Epwarp Philadelphia, Pa. 


MEMBERS. 


Epwin Philadelphia, Pa. 
New York City. 

CLIFFORD GROVER, Orono, Maine. 
Tracy New York City. 
Harry Hopeman, Amherstburg, Ont., Canada. 
St. Louis, Mo. 
THEODORE CLIFFORD New York City. 
JOSEPH SPRINGER Mt. Kisco, 


The Secretary announced the transfer the following candidates, 
the Board Direction, March Ist, 1904, from the grade 
Associate Member the grade Member: 
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MEMBERS. 


Cary New York City. 
Isaac Alarcon, Guerrero, Mexico. 
Los Angeles, Cal. 

Taro Tokyo, Japan. 


The Secretary announced the election the following candidates 
the Board Direction March 1904: 


JUNIORS. 


Epwarp Philadelphia, Pa. 

Salt Lake City, Utah. 
Joun San Francisco, Cal. 

Henry Salt Lake City, Utah. 
Burton New York City. 

ALBERT JEFFERSON New York City. 
O’Connor, New York City. 
ARTHUR JOHNSON Jacksonville, Fla. 


The Secretary presented the report the tellers appointed 
canvass the ballot the proposed Union Engineering Building, 
follows: 


New March 2d, 


tellers appointed for the purpose report that they have 
canvassed the ballot Union Engineering Building, with the follow- 
ing result: 


Total number ballots found correct and counted....... 1801 


Respectfully submitted, 
Van 
ALBERT 
WAGNER, 


Adjourned. 
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March 16th, meeting was called order 8.30 M., 
Foster Crowell, Am. Soc. E., the chair; Chas. Warren Hunt, 
Secretary; and present, also, 107 members and guests. 

paper, Taylor, Am. Soc. E., entitled The Loca- 
tion the Knoxville, Follette and Jellico Railroad, the Louis- 
ville and Nashville was presented the Secretary, who also 
presented communications the subject from Messrs. Emile Low, 
Beard, William Raymond, Walter William Watson. 


The paper was discussed further Messrs. Tait, Lavis 
and Coverdale. 


Adjourned. 


THE BOARD DIRECTION. 
(Abstract. 


March 1904.—8.30 Curtis the Chair; 
Charles Warren Hunt, Secretary, and present, also, Messrs. Craven, 
Ellis, Gowen, Lewis, and Webster. 

The Secretary reported that number votes had been 
received the proposition for the appointment Special Commit- 
tee Concrete and they may canvassed, 
under the Constitution, and was instructed report this fact the 
meeting the Society the inst. 

The seven geographical districts into which the Society has here- 
tofore been divided for the purpose the Nominating Committee, 
were adopted for the next year. 

Applications were considered and other routine business trans- 
acted. 


Seven Associate Members were transferred the grade Member, 
and eight candidates for Junior were elected.* 


Adjourned. 


See pages 130 and 131. 
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ANNOUNCEMENTS. 


every day, except Sundays, Fourth July, Thanksgiving Day and 
Christmas Day. 


MEETINGS. 


Wednesday, April 6th, 1904.—8.30 m.—A regular business 
meeting will held. Ballots for membership will canvassed, 
and paper, entitled Phenomenal Land Slide,” Clarke, 
Am. E., will presented for discussion. 

This paper printed this number Proceedings. 


Wednesday, April 1904.—8.30 m.—At this meeting, 
paper, entitled Lateral Earth Pressure and Related Phenomena,”’ 
Goodrich, Jun. Am. Soc. E., will presented for dis- 
cussion. 


This paper printed this number Proceedings. 


Wednesday, May 4th, 1904.—8.30 m.—A regular business 
meeting will held. Ballots for membership will canvassed, and 
entitled ‘‘The Lake Cheesman Dam and Reservoir,” 
Charles Harrison, Am. Soc. and Silas Woodard, 
Assoc. Am. Soc. E., will presented for discussion. 

This paper printed this number Proceedings. 


ANNUAL CONVENTION, 1904. 


The Thirty-sixth Annual Convention will held St. Louis, Mo., 
during the week beginning October 3d, 1904. 
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UNIVERSAL EXPOSITION, ST. LOUIS, 1904. 


The Society has undertaken provide for engineering exhibit, 
and the establishment Headquarters for visiting engineers, and the 
Board Direction has appropriated sufficient funds defray the 
necessary expense. 

This matter the hands the following Committee: 

Am. E,, St. Louis, Mo., Chairman. 

Carter, Am. Soc, E., Chicago, 


Assoc. Am. Soc. E., St. Louis, Mo., Secretary. 


INTERNATIONAL ENGINEERING CONGRESS, 


The list subjects for discussion the Congress, published the 
Proceedings for February, 1904, has been amended follows: 
Change title subject No. read, 
32. Mining: 
Surveying; 
Hoisting; 
Ventilation. 
Add the following subjects: 
34. Gas Engines. 
35. Surveying. 
36. Ocean Hydrography. 
37. Wharves and Piers. 


Papers, from the standpoint American Practice, have already 
been assured the various subjects, follows: 
CATIONS: 
AND OTHER NAVIGATION: 
ORDNANCE: 
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SuRVEYING: 
Officers the Coast and Geodetic Survey, and 
Wilson, Geographer, Geological Survey. 
ARCHITECTURE: 
ENGINEERING: 
Dry 
TRAFFIC IMPROVED WATERWAYS, 
PURIFICATION WATER FOR USE: 
Hazen, New York City. 
PURIFICATION WATER FOR THE PRODUCTION STEAM: 
AND WATER WHEELS: 
Chf. Irrigation Investigations, Washington, 
TERMINALS: 
UNDERGROUND 
Parsons, New York City. 
New York City. 
James New York City. 
REFUSE: 
New York City. 
VENTILATION TUNNELS: 


Chief Engineer, Norfolk and West- 
ern Roanoke, Va. 


Boston, Mass. 


> 
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CoNCRETE AND 
New York City. 
Joun New York City. 
MANUFACTURE STEEL: 
PassENGER ELEVATORS: 
Brown, New York City. 
CENTRIFUGAL 
William Mayo Venable, New Orleans, La. 
CONSTRUCTION AND PERFORMANCE: 
Memphis, Tenn. 
STATIONS AND TRANSMISSION: 


ENGINEERING EDUCATION: 


St. Louis, Mo. 
AND 
Joun New York City. 


Advices recently received indicate much interest the Congress 


Europe, and many papers from England, France, Holland and 
other foreign countries seem assured. 


TECHNOLEXICON THE SOCIETY GERMAN 
ENGINEERS. 


the request Dr. Hubert Jansen, Editor-in-Chief the 
nolexicon the Verein Deutscher Ingenieure, the following announce- 
ment made: 


universal technical dictionary for translation purposes, 
English, German and French, the compilation which was begun 
1901 under the auspices the Society German Engineers, has 
received help, the present time, from 363 technical societies 
home and abroad: these are English, American, South African, 
etc., 274 German, Austrian, and German-Swiss, and French, Bel- 
gian, and French-Swiss societies. firms and individual collabo- 


573 have promised contributions. 


excerption texts one, two three languages (hand- 
books, pamphlets, business-letters, catalogues, price-lists, etc.), and 


q 
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the existing dictionaries has yielded 920 000 word-cards far. 
these will added within the next two years (by the middle 1906) 
the hundred thousands word-cards that will form the result the 
original contributions—those already sent and those still expected 
—of the 573 collaborators home and abroad, when the editors 
Berlin have finished them for the press. Specially made handy note- 
books had been placed the disposal the collaborators write 
their collections in, which 317 have come filled far. 

All the outstanding contributions will called Easter 
this year, 1904. The collaborators are therefore requested close 
their note-books other contributions—unless later term has been 
especially arranged with the Editor-in-Chief—by the end March 
and forward them the address given below. the printing 
the Technolexicon begin the middle 1906, delayed contribu- 
tions can made use exceptional cases only that time. 

The Editor-in-Chief will pleased give any further informa- 
tion wanted. Address: Technolexicon, Dr. Hubert Jansen, Berlin 
(N. 7), Dorotheenstrasse 49.” 


SEARCHES THE LIBRARY. 


January, 1902, the Secretary was authorized make searches 
the Library, upon request, and charge therefor the actual cost 
the Society for the extra work required. Since that time such 
searches have been made, and bibliographies and other information 
special subjects furnished. 

The resulting satisfaction, the members who have made use 
the resources the Society this manner has been expressed 
frequently, and leaves little doubt that, were generally known 
the membership that such work would undertaken, many would 
avail themselves it. 

The cost trifling, compared with the value the time 
engineer who looks such matters himself, and the work can 
performed quite well, and much more quickly, persons familiar 
with the Library. 

Copies all lists references are filed, that many cases 
only necessary make typewritten copy, which reduces the cost 

asking that such work undertaken, members should specify 
clearly the subject covered, and whether references general 
books only are desired, whether complete bibliography, involving 
search through periodical literature, desired. 
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ACCESSIONS THE LIBRARY. 


From February 10th March 8th, 1904. 


DONATIONS.* 
CAMBRIA STEEL. 


Handbook Information Relating Structural Steel Manufac- 
tured the Cambria Steel Co., Containing Useful Tables, Rules, 
Data and Formule for the Use Engineers, Architects, Builders and 


Mechanics. Leather, ins., 464 pp., illus. Philadelphia, 
Cambria Steel Co., 1903. $1.00. 


sixth edition the handbook contains all the data the fourth and fifth 
editions, which have been corrected and revised where necessary. also contains 
considerable amount new matter relating new sections angles and T-bars, und 
additional sizes billets, blooms, ingots, and edged and sheared plates. The weights 
angles, Z-bars and T-bars now given are those adopted standards the Association 
American Steel Manufacturers. Other new matter, which has been introduced, con- 
sists tables safe loads and dimensions for plate and angle columns and for Z-bar 
columns with side plates. Tables have been added showing the section moduli and 
moments inertia for all the built-up columns for which the safe loads are tabulated, 
which values will assistance cases where necessary consider the effect 
eccentric loads figuring the strength the columns. Tables safe loads for angles, 


Z-bars acting beams with uniformly distributed loads have also 
inserted. 


LES POMPES. 


Par Masse. Préface Hatton Goupilliére. Cloth, 


11x 8ins., 528 pp., illus. Paris, Vve. Ch. Dunod, 1903. 
francs. 


This work made largely articles written the author for the Revue 
Mécanique, and his descriptions the various types pumps exhibited the Paris 
Exposition 1900. The general principles governing the subject are set forth the 
first chapter which comprises brief epitome the theory hydraulics, the function 
and work motive power, steam engines, electric motors and the older and 
simpler forms hand pumps. The theory and construction the various types 
general use are next treated, the text being illustrated large number 

gures including numerous sections showing details Both direct and 
indirect acting pumps are treated, and numerous examples each class are shown. 
The important subjects rotary and centrifugal are treated Chapter 
while Chapter treats pulsometers and injectors. ire-engines and fire-boats are 
treated also the last chapter. 


ALTERNATING CURRENTS: 


Their Generation, Distribution, and Utilization. George 
Hanchett, Am. Inst. Cloth, 5ins., 175 pp., illus. New 
York, John Wiley Sons, 1904. $1.00 net. 


The preface states that there are to-day many practical engineers experience 
charge lighting and power plants and construction work who have thorough 
knowledge direct-current work all its various branches, yet comparatively vague 
idea the phenomena alternating currents and the for their generation 
and utilization. This especially true connection with polyphase systems, which 
are becoming more and more generally used, and which possess, many cases, advan- 
tages over the direct-current and single-phase alternating-current systems. en- 
deavor this book explain clearly and simply possible, the phenomena 
well the apparatus alternating currents electricity their various practical 
phases. The Hydraulic Analogies Inductance and Capacity Combina- 
tions; Alternating Current Principles; Single Phase Constant Potential Transformers; 
Phase Difference and Vector Summation; Copper Calculations for Polyphase Circuits; 
Alternating Current Measurements; The Induction Motor; The Rotary Converter; Al- 
ternating Generators and Synchronous Motors; The Management Alternat- 
ing Current Machinery; Management Induction Motors. 


otherwise specified, books this list have been donated the publishers. 
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LES MOTEURS ESSENCE POUR AUTOMOBILES. 


Lecons Professées 1903-1904 Faculté des Sciences 


pp., illus. Paris, Vve. Ch. Dunod, 1904. francs; car- 
tonné, 50. 


The desire interest readers who are skilled the mechanical arts and who under- 
stand the principles which rest the construction and the functions automobile 
motors has led the author limit his subject the study the moteurs essence 
alone. has discussed the question with its developments, and has furnished infor- 
mation for industrial practice. The Contents are: Dévelopment 
Automobile; Les Types Moteurs Explosion Employés_en Automobilisme; 
Refroidissement des Moteurs; Distribution; Echappement; Régulation; Réservoirs; 
Les Carburateurs; Allumage par des Procédés non Allumage Electrique 

Etincelle Allumage par Magnétos par Dynamos; Equilibrage des 


oteurs Général plus des Moteurs Explosion. There 
index six pages. 


Gifts have also been received from the following: 


Am. Electrochemical pam. 
Am. Inst. Min. Engrs. bound vol. pam. 
Am. Iron and Steel Assoc. pam. Technische Hochschule Ber- 
Am. Ry. Assoc. pam. lin. 
Assoc, Amicale des Anciens Eléves Am. Municipalities. pam. 

Centrale. vol. McGill Univ. vol. 
Bituminous Coal Trade Assoc. Mich.—State Board Health. 
Blanchard, Arthur bound vol. Middletown, Conn.—Water Commrs. 
Boston, Mass.—Statistics Dept. vol. 


Kenyon, 


Buffa Y.—Dept. Pub. Works. 
vol. 

Canada—Geol. Surv. Dept. vol. 

City Record. vol. 

Clifton Power Co. pam. 

Colo.—Agri. Exper. Station. pam. 

Columbia Univ. vol., pam. 

Delaware, Lackawanna Western 

Deutsch-Amerikanischer Techniker-Ver- 

band. 


Midland Ry. Co. pam. 
Miller, Hiram pam. 
m. 
vol. 
Ontario—Registrar-Gen. pam. 
Poor’s Ry. Manual Co. pam. 
ommrs. 


St. Minn.—Board Water 
pam. 


Fall River, Mass.—Watuppa Water Board. 


Fisk, vol. Southern Pacific Co. 
France—Ministre des Travaux Publics. Univ. Mich. Lib: pam. 


pam. Univ. Pa. 
Great Britain—Patent Office. pam. Light-House Board. 
Exper. Station. pam. 


Victoria—Legislative Assembly. 
Inst. Civ. Engrs. Ireland. vol. 


Western Ry. Club. vol. 


PURCHASE. 


Testing Electro-Magnetic Machinery and other Apparatus. 
Bernard Victor Swenson and Budd Frankenfield. Direct 
Currents. New York, The Macmillan Company, 1904. 


Wireless Telegraphy and Telephony: Comprehensive Exposi- 
tion the Progress made Wireless Telegraphy from Early Begin- 
nings; Followed Popular Description the Method and the 
Used the Orling-Armstrong System Wireless Tele- 


graphy and Telephony through the Ground. Compiled Maurice 
Ernst. London, Electricity Office. 


Engine Tests and Boiler Efficiencies. Buchetti. Trans- 
lated and Edited from the Third Edition Alexander Russell, 
Westminster, Archibald Constable Co., Ltd., 1903. 
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Die Entwickelung des Niederrheinisch-Westfalischen Stein- 
kohlen-Bergbaues der zweiten Hilfte des 19. Jahrhunderts. 
Herausgegeben vom Verein fir die bergbaulichen Interessen 
Oberbergamtsbezirk Dortmund gemeinschaft mit der Westfil- 
ischen Berggewerkschaftskasse und dem 
Kohlensyndikat. Berlin, Julius Springer, 1903. 


Die Wagner-Fennel’schen Tachymeter. Der Fabrik geoditischer 
Instrumente von Otto Fennel Cassel. Dritte verbesserte 
Auflage. Von Adolf Fennel. Konrad Wittwer, 1904. 


Maps: Their Uses and Construction. Short Popular Treatise 
the Advantages and Defects Maps Various Projections, Fol- 
lowed Outline the Principles Involved their Construction. 
James Morrison. Second Edition, Revised and Enlarged. 
London, Edward Stanford, 1902. 


The Encyclopedia Americana. General Dictionary the Arts 
and Sciences, Literature, History, Biography, Geography, etc., the 
World. New York, Chicago, The American Company. 


The World Almanac and Encyclopedia, 1904. New York, The 
Press Publishing Co., New York World, 1904. 


The Remoyal and Disposal Town Refuse. William Max- 
London, The Scientific Publishing Company, Ltd., 1898. 


Resistance des Appliquee aux Constructions: Methodes 
Practiques par Calcul Statique Graphique. Vol. Paris, 
Vve. Ch. Dunod, 1904. 


The Official Report the International Fire Prevention Con- 
gress Convened the Executive the British Fire Prevention Com- 
mittee, Held London, July 6th 9th, 1903. London, British Fire 
Prevention Committee, 1903. 


Annuaire Statistique Descriptif des Distributions d’Eau 
France, Algérie, Tunisie, Belgique, Suisse Grand-Duché Luxem- 
bourg. Par Imbeaux, Hoc, Van Lint Peter. Paris, Vve. Ch. 
Dunod, 1903. 


SUMMARY ACCESSIONS. 


February 10th March 8th, 1904. 
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Affairs. MEMBERSHIP—ADDITIONS. 
MEMBERSHIP. 
ADDITIONS. 
Portland, Ore........ 


Chf. Engr., Bureau Water 
Supply, State St., Troy, 

Room 92, Flood Bldg., San Francisco, Cal 

Cary Cons. Elec. Engr 
Pine St., New York 

Jay Capt., Corps Engrs., 
A., Asst. Engr. Commr. the Assoc. 
District Columbia, District Bldg., Wash- 
ington, 

915 Grand View Ave., Los 


Assoc. 


Jr. Asst. Supt., Lehigh Coal Nav. Co., 
Lansford, 


VERRILL, 603 Elm St., New Haven, 
James Exchange New York City.. 
WHITFIELD, 406 Locust Philadelphia, Pa. 


ASSOCIATE MEMBERS. 


Cons., Civ. and Hydr. Engr., Care, 
Woodlawn Inn, Pittsfield, Mass..... 
Chf. Engr., Phil. Easton Ry. Co. 
sell, Liberty St., New York City Assoc. 
Grover, Engr., Geological Survey, 
Grand Central Station, New York City.......... 


2937 Henrietta St., St. Louis, Mo. 
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Date 

Membership. 
Feb. 1892 
Feb. 1897 
Mar. 1904 
Sept. 1899 
Feb. 1904 
Mar. 1904 
Feb. 1904 
Mar. 1896 
Mar. 1904 
June 1901 
Mar. 1904 
Feb. 1904 
Sept. 1890 
Mar. 1895 
Feb. 1904 
Mar. 1904 
Dec. 1901 
Mar. 1904 
Mar. 1904 
Mar. 1904 
Mar. 1904 
Mar. 1904 
Feb. 1904 
Mar. 1901 
Mar. 1904 
Mar, 1904 
Mar. 1904 
Mar. 1904 


| 
Asner. City Engr., City Hall, Assoc. 
Mar. 1904 


Date 


Membership. 
University Heights, Jun. Feb. 1901 

McLean, Highland Ave., Jersey City, 

CLARENCE Warren. 405 Brooklyn Ave., Kansas City, 

Harry Asst. Engr., Geological 

Civ. and Hydr. Engr., 635 

Park Row Bldg., New York Mar. 1904 
City Engr., City Hall, Cambridge, 

California, 2237 Vine St., Berkeley, Cal............- Feb. 1904 
Amos. Asst. Engr., Rapid Transit 

500 West 149th St., New York City Feb. 1904 
San., Hydr. and Feb. 1897 

Constr. Engr., West 14th St., Room Assoc. Mar. 1904 


Lez. Street Cleaning, City Hall, 


Eppy 426 West 23d St., New York Jan. 1904 


JUNIORS. 
Davies, Care, Geological Survey, 


550 East 164th St., New York 


1144 Tinton Ave., New 

FREDERICK WHITEFIELD. Room 1200, Bank for 


Tuck Asst. Div. Engr., 
Ry., Canton, China 


CHANGES ADDRESS. 
MEMBERS. 


509 McCague Bldg., Omaha, Nebr. 
Brown, Engr., Sewerage Works, Met. Water and 


Sewerage Board, Ashburton 
ton, Mass. 
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CAMPBELL, JOHN Chf. Engr., Gasconade Ry. Constr. Co., 


Prin, Asst, Engr., St. L., 


Ry., 512 Frisco Bldg., St. Louis, Mo. 


Engr. Office, Jones Detroit, 
Mich. 

GEORGE Eastern Representative, The King Bridge 
Co., 277 Broadway, New York City. 

302 Bowie St., San Antonio, Tex. 

Civ. and Min. Engr.; Cons. Engr., 
Reclamation Service, Geological 


Survey (Hall Bros.), 409 Temple Court, 
Atlanta, Ga. 


Chf. Engr., Susquehanna Elec. Power 
Co., East Lexington St., Baltimore, 
Md. 

WALLACE........ Spruce St., Memphis, Tenn. 

........... Engr. Chg. Manila Sewerage Sys- 
tem, Manila, Philippine Islands. 

Inwin, James .....018 Grand Central Station, New York 
City. 

Capt., Corps Engrs., A., Engr. 


Officer, Dept. Mindanao, and Engr., 
Moro Province, Zamboanga, Mindanao, 


Philippine Islands. 

CHARLES....... ... Cons. Engr., Bridge and Constr. Dept., 
Pennsylvania Steel Co., Steelton, Pa. 

Lansdowne, Pa. 

Frank Gen. Supt., Choc., Okla. Gulf 
Little Rock, Ark. 


Burswood, Western Australia. 


Francis Epwarp....Chairman, Harbor Board, Madras, India. 
Francis 


Walsh Bldg., Cumberland, Md. 


Officer, Dept. Luzon, Manila, Philip- 


pine 
BENJAMIN 


First National Bank, Chattanooga, 
Tenn. 

NELSON............. Gen. Insp., State Dept. Public Works, 
Rutgers St., Rochester, 

WALDO............ 187 Columbia Heights, Brooklyn, 

VANDEVANTER, CHARLES (Vandevanter Hood), 238 Park Ave., 


Baltimore, Md. 


| 
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ASSOCIATE MEMBERS. 


Engr., Fifth Ave., East, Roselle, 

Care, Am. Bridge Co., Ambridge, Pa. 

Burns, Hydr. and San. Engr. (Burns 

McDonnell), 509 Dwight Bldg., Kansas 

City, Mo. 

Canton, China. 

GEORGE....... Room 91, Flood Bldg., San Francisco, 
Cal. 

Howarp Chf. Engr., United States Coal Coke 


Co., Gary, McDowell Co., Va. 
Mt. Royal Station, Baltimore, 
Md. 
....Assoc. Prof., Civ. Eng., Jr. Univ.; 
Pres., Board Health Palo Alto, 
382 Lincoln Ave., Palo Alto, Cal. 


ABRAHAM Asst. Engr., Cons. Engr.’s Office, Manila, 
Philippine Islands. 

613 The Nasby, Toledo, Ohio. 

Homan, Bethlehem, Orange River Colony, South 

Africa. 

Care, City Engr.’s Office, Columbus, 
Ohio. 

THOMAS..... Care, Am. Bridge Co. Y., 100 Broad- 
way, New York City. 

CHARLES FREDERIC........(Supt. Socavon Mines), Cia. Minera 
Penoles, Ojuela, Mapimi, Durango, 
Mexico. 

port Co., Buenos Argentine 
Republic. 


ARTHUR WEBSTER.......Supt., Wheeling Div., Ry., 
Wheeling, Va. 

Box 377, Salt Lake City, Utah. 


Guy Pres. and Treas., Guy Waite Co., 1919 
Seventh Ave., New York City. 

Payson.......... Care, Am. Bridge Co., West 22d St., 
New York City. 


Ingalls Bldg., Cincinnati, Ohio. 


Davis, GEORGE JACOB, Hydr. and San. Engr., Grant Bldg., 


Atlanta, Ga. 
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Foss, JoHN Engr., Hamakua Ditch, Huelo, 
Maui, Hawaii. 

520 Spring St., St. Louis, Mo. 

Runyon, Locating Engr., Canton-Hankow Ry. 


(Imperial Chinese Ry. Administration), 
Shanghai, China. 


WILBUR Asst. Engr., Geological Survey, 
Washington, 

Engr., Box 377, Salt Lake City, 
Utah. 

Engr., Pacific Elec. Ry. Co., 711 
Kensington Rd., Los Angeles, Cal. 

FELLOWS. 
Darwin, Harry .Engr. Chg. San. Inspection, Hack- 


ensack Water Co., New Milford; Ad- 
dress, Clinton Hackensack; 
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MONTHLY LIST RECENT ENGINEERING ARTICLES 
INTEREST. 


(February 9th March 7th, 1904.) 


This list published for the purpose placing before the members 
the Society the titles current engineering articles, which can referred 
any available engineering library, can procured 
the publication directly, address and price being given wherever 


possibie. 


LIST PUBLICATIONS. 
the subjoined list articles references are given the number pre- 


fixed each journalin this list. 


(1) Journal, Assoc. Eng. Soc., 257 South 
Fourth St.,Philadelphia, Pa., 30c. 
(2) Proceedings, Engrs. Club Phila., 
1122 Girard St., Philadelphia, Pa. 
(3) Journal, Franklin Inst., Philadel- 
phia, Pa., 50c. 
(4) Journal, Western Soc. Engrs., Mo- 
nadnock Block, Chicago, 
(5) Transactions, Soc. E., Mon- 
treal, Que., Canada. 
(6) School Mines Quarterly. Columbia 
Univ., New York City, 50c. 
(7) Technology Quarterly, Mass. Inst. 
Tech., Boston, 75c. 
(8) Stevens Institute Indicator, Stevens 
Inst., Hoboken, J., 50c. 
(9) Magazine, New York 
(10) Magazine, New York City, 


(11) Engineering (London), Wiley, 
New York City, 25c. 
(12) The International 
News Co., New York City, 35c. 
(13) News, New York City, 


(14) The Engineering Record, New York 
City, 12c. 
Gazette, New York City, 


(16) Engineering and Mining Journal, 
New York City, 15c. 

(17) Street Railway Journal, New York 
City, 35c. 

(18) Railway and Engineering Review, 
Chicago, 

(19) Scientific American Supplement, New 
York City, 10c. 

(20) Iron Age, New York City, 10c. 

Railway London, 
land, 25c. 

(22) Iron and Coal Trades Review, Lon- 
doa, England, 25c. 

(23) Bulletin, American Iron and Steel 
Assoc., Philadelphia, Pa. 

(24) American Gas Light Journal, New 
York City, 

Engineer, New York City, 


Eng- 


(26) Electrical Review, London, England. 

(27) Electrical World and Engineer, New 
York City, 

(28) Journal, New Water-Works 
Assoc., Boston, $1. 

(29) Journal, Society Arts, London, 
England, 15c. 

(30) Annales des Travaux Publics 
Belgique, Brussels, Belgium. 

(31) Annales del’ Assoc. des Ing. Sortis 
des Ecole Gand, Brus- 
sels, Belgium. 

(32) Mémoires Compte Rendu des Tra- 
Soc. Ing. Civ. France, 
Paris, France. 


(33) Génie France. 

(34) Portefeuille des Ma- 
chines, Paris, France. 

(35) Nouvelles Annales Construc- 
tion, 

(36) Revue Technique, Paris, France. 

(37) Revue Mécanique, Paris, France. 

(38) Revue Générale des Chemins Fer 
des Tramways, Paris, France. 

(39) Mechanic, Chicago, 

(40) Railway Age, Chicago, 10c. 

Modern Machinery ,Chicago, 

(42) Transactions, Elec. Engrs., 
New York City, 50c. 

(43) Annales des Ponts Chaussées, 
Paris, France. 

(44) Journal, Military 
tion, Governor’s Island, New York 
Harbor, 50c. 

(48) and Minerals, Scranton, Pa., 


20c. 

(46) American, New York City, 

(47) Mechanical Engineer, Manchester, 
England 


Transactions, Am. Soc. E., New 
York City, $5. 

Transactions, Am. Soc. E., New 
City, $10. 

(56) Transactions, Am. Inst. Min. Engrs., 
New York City, $5. 

(57) Colliery Guardian, London, England. 

(58) Proceedings, Eng. Soc. Pa., 410 
Penn Ave., Pittsburg, 50c. 

Transactions, Mining Inst. Scot- 
land, London and Newcastle-upon- 


Tyne. 

(60) Municipal Engineering, Indianap- 
olis, Ind., 25c. 

(61) Proceedings, Western Railway Ciub, 

225 Dearborn St,, Chicago, 25c. 

(62) American Manufacturer and Iron 
World, Ninth St., Pittsburg, Pa. 

(63) Minutes Proceedings, Inst. E., 
London, England. 

(64) Power, New York City, 20c. 

(65) Official Proceedings, New York Rail- 
road Club, Brooklyn, Y., 15c. 

(66) Journal Gas Lighting, London, 
England, 15c. 

(67) Cement and Engineering News, Chi- 
cago, 

(68) Mining Journal, London, England. 

(69) Mill Owners, New York City, 10c. 

(70) Engineering Review, New York City, 
1 


(71) Journal, Tron and Steel Inst., London, 
England 


(73) Electrician, London, England, 

(74) Transactions, Inst. Min. and 

Metal London, England. 

(78) Proceedings, Inst. Mech. Engrs., 
London, England. 
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LIST ARTICLES. 
Bridge. 


Solid Floor for Deck Girders.* (15) Feb. 12. 

Fourth Street Bridge, Waterloo, M.L. Newton. (Address delivered before the 
Iowa Eng. Soc.) (14) Feb. 13. 

Two Large Plate Railway Bridges.* (13) Feb. 18. 

Moving Paris Footbridge over the Seine and Withdrawing Its Piers Hydraulic 
Jacks.* Rene Bonnin. (13) Feb. 18. 

Stone Highway Bridge over the Connecticut River Hartford.* (15) Feb. 


Twin Lift Bridge Operated Gas Engines; New Draw over Newark Bay, R.R. 
Co. New Jersey.* (13) Feb. 25. 

Scherzer Rolling Lift Bridge over Newark Bay.* Feb. 26. 

Double Lift Bridge: Central New Jersey.* (40) Feb. 26. 

Simple Traveler for Erecting Viaduct.* (14) Feb. 

The Herkimer Viaduct for the Utica Mohawk Valley Railway.* Wilbur Watson, 
Assoc. Am. Soc. (14) Feb. 27. 

Bridges for the over Newark Bay.* (18) Feb. 27; (14) 


Al, Drawbridge Moved and Lowered Sand Jacks.* (25) 
The Bridge the Illinois Central Railroad over the Bis Muddy River.* (60) 
Mar. 


Proposed Solution the Brooklyn Bridge Terminal Problem.* Neff. (13) 


Milan Concrete-Steel Bridge Ohio.* (15) Mar. 

Masonry Construction for the Island Mar 

the Monongahela River Bridge, Pittsburg.* beginning 
ar. 

Pont Transbordeur Nantes.* Léon Griveaud. (35) Feb. 

Pont Béton Armé, Riboud. (33) Feb. 13. 


Electrical. 
Motors for Variable Speed. Slichter, Jun. Am. Soc. 


55) Vol. 
Industries.* F.B. Crocker and Arendt. (6) Nov. 
Alternating Current Giving Pure Sine Waves Electromotive Force.* 
Clifford Paterson. (26) Jan. 29. 
Magnetic Dispersion Induction Motors. (26) Jan 
The Cable Works Messrs. Pirelli and Co., Milan.* Feb. 
Circle- Diagram the Motor. Creedy. (26) Serial beginning 
The Trunk Telephone Exchange.* (73) Serial beginning Feb. 
Eddy Currents Dynamo Machines. Michael Field. (73) Feb. 
Three-Wire Direct-Current Railway System.* (27) Feb. 
the Wave Length Free and Closed Oscillating Circuits. 
James Ives. (27) Feb. 
The Distributed Leakage Transmission Lines. Frank Fowle. 
27) 
ed-Torque Characteristics the Single-Phase Repulsion Motor. (27) Feb. 
Repulsion Type Alternating Current Motor. (27) Feb. 
Crompton Potentiometer.* (27) Feb. 
Three-Phase Working, with Special Reference the Dublin System. Wm. Brew. 
Paper read before the Inst. Engrs.) (26) Serial beginning 
The Electric Lighting Drury Lane Theatre Royal.* (73) Feb. 12. 
Graphics Power House Location.* Sidney Feb. 13. 
Modern Methods Operating Machine Tools Electrically. Feb. 
The Frequency Changers Montreal.* (27) Feb. 13. 
Construction and Maintenance Electric Current Carrying Wires. Hatch. 
(Paper read before the Amer. Soc. Municipal (24) Feb. 
Voltage Regulation Alternating-Current Systems. Meyer. Paper 
read before the Liverpool (73) Serial beginning Feb. 
The Distribution Electricity Shipyards and Engine works. Anderson. 
(Abstract Paper read before the Inst. Elec. Engrs.) (73) Feb. 
Electricity Manufacturing Plants. Walter (Paper read before the 
Soc. Naval Archts. and Marine Engrs.) (19) Feb. 20. 
City South Norwalk Electric Works.* Winchester. (27) 
Grounding Constant Potential Bingham Hood. (27) Feb. 20. 
Some Notes the Cost Generating Energy. Fox. (Paper read 
Inst. Engrs.) (12) Serial beginning Feb. 26; Abstract, 
22) 
The Advantages Boosting. Frank Broadbent. (26) Feb. 26. 
Gutta Gentzsch, Insulating Substance. (26) Feb. 
Composite Plant Blooms urg, Pa.* Levy. (27) Feb 
Plant the Louisiana Purchase (27) Feb. 27; (14) 
eb. 27. 


Illustrated. 
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Electrical—(Continued). 


The Seattle Municipal Light and Power Plant.* Heine. (27) Feb. 27. 

Submarine Sound (46) Feb. 27. 

Commutation Continuous-Current Generators.* Neild and Banting. 
(Paper read before the Rugby Eng. Soc.) (47) Feb. 27. 

Electrical Energy Direct from Fuel. (47) Feb. 27. 

Résumé Our Knowledge the Properties Current-Bearing Matter. 
Paul Heyl. (3) Mar. 

the Premier Typewriter Company, Syracuse.* (14) Serial beginning 


ar. 

Vertical Motor-Generator Sets.* 

Foreign and American Types Horizontal Boring-Machines.* 
Frank Perkins. (19) Mar. 

The Present Position the Theory Electrolysis. (19) Mar. 

Electric Lighting the City Benjamin Franklin.* Eglin. Mar. 

The Transmission Electric Energy Without Wires.* Nikola Tesla. Mar. 

The Beginnings the Incandescent Lamp.* Thos. Edison. (27 Mar 

The Development Industrial Electrochemistry. (27) 

Quarter Centur Electric Lighting. Louis Bell. (27) Mar. 

The Telegraphy During the Past Thirty Years. William Maver, Jr. (27) 


Mar. 

Expansion and Changes Electric Light and Power Systems. Alton Adams. (27) 

Twenty-five Years Telephony. Arthur Vaughan Abbott. (27) 
ar. 

The First Central Station for Incandescent W.J. Hammer. (27) Mar. 

The Evolution Dynamo Design.* David Rushmore. (27) Mar. 

Unique Fire Alarm Switchboard Staten Island, Y.* (27) 


Coaling Warships Sea.* (22) Feb. 12. 

Petrol Motors for Marine Feb. 26. 

The Modern Torpedo.* (46) Mar. 

Stephan, Navire Poseur (33) Jan. 30. 


Mechanical. 


Apparatus for Continuous Record the Position Engine Governor 
Speed the Engine Which Governing.* Joseph Riley. (55) 


for Engine-Driven Alternators. Walter Slichter, Jun. Am. Soc. 
55) 
The Deflection Beams Graphics. Willibald Trinks. (55) 24, 
Screw Threads. Charles Porter, Hon. Am. Soc 24. 
and Some Its Results.* Albert Kings Am. Soc. 
the Otto Cycle.* Sidney Reeve, Am. Soc. (55) 


for Boiler Plate, Rivet Castings and Steel Forgings. (55) 


Test Elevator System. Reginald Pelham Bolton, Am. Soc. (55) 


Smoke Consumption: Topical Discussion.* (55 
Method Testing Gas Engines.* Oliver, Jun. Am. Soc. (55) Vol. 24. 
Internal Combustion Engine Using Kerosene and Fuel. 
Halladay, Jun. Am. Soc. E., and Hodge. Vol. 
Robertson, Jun. Am. Soc. Vol. 
Some Data Hoisting Hooks.* acon, Soc. (55) Vol. 24. 
(55) 
The Hot Well Oil Extractor.* Eldredge, Am. Soc. Vol. 24. 
Drives for Corliss Engines.* Eldredge, Am. Soc. 
Fits and Fitting.* Stanley Moore, Jun. Am. Soc. 24. 
The Boiler the Ohio State University.* Hitchcock, Am. Soc. 


Jacobus, Am. Soc. (55) 

Description Sixt: and Turning Mill.* John Riddell, Am. 


Tilustrated. 
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Mechanical —(Continued). 


The Emery Wheels.* Charles Benjamin, Am. Soc. Vol. 24. 
Comparative Oil Test. William Parish. Jr., Jun. Am. Soc. (55) 

Am. Soc. (55) Vol. 24. 
and Their Uses.* Bartholomew Viola, Am. Soc. (55) 


Forty-Four-Foot Pit Lathe.* John Barnay, Jun. Am. Soc. (55) Vol. 24. 
Heat Reciprocal Heat Conductivity. William Kent, Am. Soc. 
The Weight Castings with the Aid the Planimeter.* 
Schwerin. (56) Vol. 33. 
The Blake Stone and Breaker: Its Invention, Forms and Modifications, and Its Im- 
portance Engineering Industries. William Blake. (56) Vol. 
Coking Bee-Hive Ovens with Reference Yield. Charles Catlett. (56) Vol. 
The Regulation the Combustion and Distribution the Temperature Coke Oven 
Coal Fuel Barrow-in-Furness.* Pettigrew. (71) Vol. 64. 
Steam Boilers for Power Plants. Chester. (58) 
Foundry Costs: Their Analysis and Reduction. Henry (2) Jan. 
The Hand Rock-Drill.* (11) Jan. (16) Feb. 11. 
The Curtis Steam-Turbine.* (11) Feb. 
Steam Meter.* R.S. Bayntun. (26) 
Notes the Curtis Turbine.* (73) Feb. 
Governing Gas and Gasoline Engines. Clerk. (Paper before the Auto- 
mobile Club Great Britain and Irelan Feb. 
The Putnam Driving Wheel Lathe.* eb. 11. 
The Caskey Hydro-Pneumatic Punch.* (20) Feb. 11. 
New Vacuum System for Pneumatic (20) Feb. 11. 
Heat Transference Through Boiler Plates.* 
The Steam Turbines.* (11) Feb. 
the Tower Wharf the Steam Navigation Company.* 
New Motor Car Engine.* Feb. 12; (11) Feb. 12. 
Jig for Drilling and Milling.* C.T. Sutton. (12) Feb. 12. 
The Steam Turbine. William Chilton. (Abstract Paper read before the Inst. 
Elec. Engrs.) (26) Serial beginning 12. 
Water-Tube Boilers.* John Higdon, Assoc. Am. Soc. 
(14) 
Boiler Scale Detection.* George Feb. 13. 
Large Air-Cooled Petrol Motor.* (47) Feb. 18. 
Water Gas. Humboldt Sexton. (47) Serial Feb. 13. 
Niagara Automatic Can Body Machine. 20) Feb. 18. 
Recent Developments Gas Engines. Inst. (Abstract Paper 
read before the Junior Inst. (62) Feb. 18. 
Pneumatic-Power Hammers.* (11) Feb. 19. 
The Crystal Palace Motor Car Show.* Serial beginning Feb. 19; (11) Feb. 19. 
Compound Horizontal Engine. (12) Feb. 
The Grinding Machine the Lathe. (12) 19. 
Works Portland, Colo.* James Schuyler. (14) Serial beginning 
Test 1250-K. Steam Turbine for Interborough Company, New York 
City. Mattice. (27) Feb. 20. 
Milling Thomas Shaw.* (47) Serial Feb. 20. 
Novel System Air Compressing.* (47) Feb. 
Valve Mechanism for Blowing Engin (47) 
Turbo-Electric (47) Feb. 20. 


Copper Engineering Practice. Ed. Storey. (47) Serial beginning 


Care Benches and Results Therefrom. Whalen. (Paper read before the Mich. 
Gas (24) Feb. 22. 

Standard for Cast Iron Pipe and Special (Proposed Com- 
the International Assoc. for Testing Materials.) (20) Feb. 25; (24) 

ar. 

Motor Car Tires and Springs.* Bickford. (12) Feb. 26. 

Water-Tube Boiler. (12) Feb. 26. 

New Die Head.* (12) Feb. 26. 

The Works Graham, Co.. Limited. (12) Feb. 26. 

Small Gas Engines Electric Motors. (26) Feb. 

Turbines and Superheated Steam. Booth. Feb. 26. 

Comparison Different Types Calorimeter. J.S.S. Brame and Wallace Cowan. 
(From the Journal the Soc. Chem. Industry.) (22) Feb. 26. 
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Mechanical—(Continued). 


Superheated Steam. Seaton. Abstract Paper read before the Staffordshire 
Iron aud SteelInst.) (22) 

Notes the Curtis Turbine.* (Abstract Paper read before the 
Rugby Eng. Soc.) (26) Serial Feb. 26. 

Allen High-Speed Triple Expansion Engine. (73) Feb 

The Brush-Parsons Steam Turbine.* William Chilton. Paper read before 
the Inst. Elec. Engrs.) (73) Feb. 26. 

British Association Small Screw Gauge Committee: Report.* (73) Feb. 26. 

American Designs Gas and Oil (47) Serial beginning Feb. 27. 

Producer Humboldt-Sexton. Serial beginning Feb. 27. 

Tests High-Speed Tool Steels. (18) 

The Pielock Superheater System.* (18) Feb. 27. 

The Laying High and Low Pressure Gas Lines.* H.C. Morris. (Paper read 
before the Mich. Gas Assoc.) (24) 

The Laying Mains and Services and the Same. John Hellen. (Paper 
read before the Mich. Gas Assoc.) (24) Feb. 


Lubricating Oils and Their How Test Them and Detect Adulterations.* 
William Davis. 


Drum-Head Casing for Clock. (64) Mar. 

Further Details the Cockerill Gas Engine. (64) Mar. 

Burning Powdered Coal.* H.J. Travis. (64) Mar. 

Link Motions Applied Rolling Mill Engines.* (64) Mar. 

Cost Chart for Steam and Gas Power Plants. Bibbins. Mar. 

Methods and Results Steam Turbines.* Bibbins, Assoc. Am. 
Inst. (13) Mar. 


Devices for Hydraulic Plants. Frank Kleinhans, Am. Soc. (13) 


Steel Shaft Hanger.* (20) Mar. 

The Morgan 1}-inch Single Bolt Threader (20) Mar. 

New Heavy Boring Latne with eed.* (20) Mar. 
Capitaine’s Crank-Pin Turning Machine.* (15) Mar. 

Some New the Reeves Steam Engine.* (14) Mar. 


Mécanique des Tuilesen Provence.* (36) Serial beginning 


Véhicules Automobiles Lourds, Pétrole Pierre-Guédon. (34) Serial 
beginning Feb. 
Chauffage aux Combustibles Liquides.* (34) 


des Valves Fonte des Gonduites Vapeur.* Sylvain 


Les Progrés 1903: Les Principales Epreuves 
Drouin. (33) Serial beginning Feb. 13. 

Metallurgical. 

The Reactions the Process and Their Temperature-Limits.* Robert Henry 
Bradford. Vol. 33. 


The Effect Re- Heating the Coarse Structure Over-Heated Steel. Frederik 


The Wet-Crushed Ores New Zealand. Hamilton Wingate. (56) 


Notes the Treatment Precipitate Obtained Cyaniding New Zealand Ore. 
Hamilton Wingate. (56) Vol. 


for Furnace-Bottoms.* Henry Mather. (56) Vol. 33. 

The Camp Bird Mill. Thomas Woods and Godfrey 33. 
Puddled Iron and Mechanical Means for Its Production.* James Roe. Vol. 33. 
Arsenic, Antimony and Bismuth from Copper. ibb. (56) 


Method for the Assay Gold and Silver Blister-Copper. Walter 
Perkins. (56) Vol. 33. 


for Steel Forgings and Steel Castings. William Webster. (56) Vol. 
the Bessemer Process Charges. Bradley Stoughton. (56) 


The ‘of Tellurium Brass. Erwin (56) Vol. 33. 

Amarillium. William Courtis. (56) Vol. 

Diseases Steel. C.H. Ridsdale. (71) Vol. 

Manufacture Weldless Steel Pipes and Shells. Heinrich Ehrhardt. (71) 


The Influence Silicon Iron.* Thomas Baker. (71) Vol. 


Some Further the Diffusion through Steel.* Camp- 
bell. (71) 


the Heat Treatment Steel Rails High Manganese. Lloyd, (71) 

The Heat Treatment William Campbell. report research carried out 
during 1902.) (71) Vol. 

The Burning and Steel.* Alfred Stansfield. (71) Vol. 64. 


Tilustrated. 
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Metallurgical—(Continued). 

The Briquetting Iron Ore. Weiskopf. (Paper read before the Min. and Metal. 
Cong. Vienna.) (71) Vol. 64. 

Alloys Iron and Tungsten.* Hadfield. (71) Vol. 64. 

The Restoration Dangerously Crystalline Steel Heat Treatment.* J.E. Stead and 
Arthur Richards. (71) Vol. 64. 

Sorbitic Stead and Arthur Richards. (71) Vol. 64. 


Proportions Regenerative Gas Furnaces, with Special Reference Open-Hearth Fur- 
naces.* H.D. Hess. (2) Jan. 


Magnetic Tests Whole Sheets Iron.* (11) Jan. 29. 

The Minnequa Works the Colorado Fuel and Iron Company.* (22) Jan. 29. 

Trapezoidal Slimes Agitator.* Courtenay Kalb. (16) Feb. 11. 

Edwards’ Mechanical Ore-Roasting Furnace.* Danvers Power. (16) Feb. 11. 

Metallurgy Applied Engineering. Archibald Head, (Address de- 
livered the Students the Inst. Civ. Engrs.) (11) Feb. 12. 

Alumino-Thermics and Its Uses for Welding and Purposes.* (15) Feb. 12. 

Thermit: Its Application Metallurgical Engineering. Boys. (29) Feb. 12. 

Dissolved Oxide Cast Iron. (47) Feb. 13. 

The Wanner Pyrometer.* (20) Feb. 18. 

Ferronickel Direct from Pyrrhotite.* Ernst (Paper read before the New 
England Foundrymen’s Assoc.) (20) Feb. 18. 

The Semi-Solid State Metals. Thomas Turner. (Paper read before the Staffordshire 
Tron and Steel Inst.) (62) Serial beginning Feb. 18. 

Alloys Iron and Hadfield. (47) Feb. 20. 

The Determination Gold Cyanide Solutions. Prister. (Abstract from Paper 
the Journal the Chem., Metal. and Min. Soc. Africa.) (16) Feb. 25. 

Standard Specifications for Cast Iron Pipe and Special Castings. (Proposed Commit- 
tee the International Assoc. for Testing Materials.) (20) Feb. 25; (24) Mar. 

Recent Investigations Cast Iron. Alexander Outerbridge. (62) Feb. 25. 

Steel Castings. Gennet, Jr. (15) Feb. 26. 

Improved Metal Melting Furnaces.* (47) Feb. 27. 

Automatic Temperature Detector for Rolled Steel.* (47) Feb. 27. 

Method for the Direct Determination Alumina. Chas. Rueger. (16) Mar. 

The Payne-Gillies Copper Process. Danvers Power. Mar. 

Résistance Electrique des Fers Aciers. (33) Feb. 

Mining. 


Determining the Size Hoisting-Plants.* Edward Durham. (56) Vol. 33. 
Notes the Cost Hydraulic Mining California. W.E.Thorne. (56) Vol. 33. 
The Valuation Mines Definite Average Income. Vol. 33. 
The Gold-Field the State Minas Geraes, Brazil.* (56) Vol. 33. 
The Bird Mine, Ouray, Colorado: Mining and Ore-Transportation.* Chester 
Wells Purington. (56) Vol. 33. 


The Manganese the Department Panama, Republic Columbia.* 
Williams. (56) Vol. 33. 


The Mining Industry the Coeur d’Alenes, Idaho.* J.R. Finlay. (56) Vol. 33. 
Pumping Plant the Miike Collieries, Japan.* (11) Jan. 29. 


Winding Engine Sherwood Colliery.* Charles Heathcote. (22) 
an. 29. 


Improved Haulage (57) Jan. 29. 
Report the Electricity Mines Committee. (57) (22) Feb. 
Anthracite Mine Surveying Practice. (16) Feb. 11. 
Electrical Winding Engines.* Herzfeld. (11) Feb. 12. 
Electric Haulage Metal Mines. Clark. (To read before the Tech. and Eng. 
Soc., State School Mines, Colorado.) (16) Feb. 25. 
Mechanical Slate-Pickers.* (16) Feb. 25. 
Electric Underground. George Farmer. (Paper read before the Nat. Assoc. 
Colliery Mgrs.) (22) Feb. 26. 
The Mechanical Equipment Collieries. George (Abstract Paper 
read before the Manchester Geol. and Min. Soc.) (22) Feb. 26. 
Miscellaneous. 


Drawing Office Equipment.* John McGeorge. (55) Vol. 24. 
Report Committee Appointed Discuss the Arguments Favor and Against the 
Metric System. (Am. Soc. Vol. 24. 


Rational Solution the Problem Weights and Measures. Sidney Reeve, 
Am. Soc. 


The Metric System. Halsey, Am. Soc. (55) 24. 
L’Exposition Universelle Saint-Louis 1904.* Hugues Brussel. (33) Feb. 20. 


Concrete Foundation and Cement Filler for Brick Pavement. Gearhart. (Paper 
read before the Illinois Soc. Engrs. and Surveyors.) (60) Mar.; (14) Feb. 13. 

eb. 18. 
Road Making Buxton, England.* John Hattan. (60) Mar. 
The Philadelphia Gas Engine Pumping Station for Fire Service.* (14) Mar. 
Pompe Incendie Automobile.* Drouin. (33) Feb. 
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Railroad. 


Resistance Formula. John Balch Blood, Assoc. Am. Soc. 
Sorbitic Steel Rails.* Stead and Arthur Richards. (71) Vol. 
the Heat Treatment Steel Rails High Manganese. Lloyd. (71) 
Report upon Investigation into Stresses and Strains Axles and Wheels 


Charcoal Iron Boiler Tubes.* Geo. Crawford. (61) 


Four-Cylinder Balanced Compound Locomotives.* Borries. (12) Jan. 29. 

12-ton Private Owners’ Wagons.* (21) Feb. 

Steam Passenger Car: Taff Vale Railway.* (21) 

Griffiths’ Facing-Point Lock and Detector.* (21) 

100,000 Lbs. Capacity Coal Cars: Chicago, Milwaukee St. Paul 
DeGlehn Compound Locomotive: Great England.* (39) 


Shop the Chicago, St. Paul Railway West Milwaukee.* 


Modern ailway Paint Shop. Quest. (39) Serial beginning 


New Shops for the C., Ry. (18) Feb. 
50-ft. Steel Flat Car, Central J.* Feb. 
with Superheater for the Saxony State Railways. Charles King. (47) 
Automatic Railway Signalling. (12) beginning Feb. 12. 
Vanderbilt 50-Ton Coke Car.* (15) Feb. 
The Symington Journal-Box with Outside Guard.* Feb. 12. 
Powerful Automobile Train.* 12. 
Richmond, Fredericksburg Potomac Feb. 12. 
Ten-Wheel Express Locomotive for India.* (40) 
Some New Illinois Central Yard Construction.* Feb. 12. 
The San Francisco, Oakland San “The Key (17) Serial 
beginning Feb. 13. 
The Peters Block Signals, C.,C. R.* (18) Feb. 13. 
New York Central Pacific Type Locomotives.* (18) Feb. 13. 
The Pennsylvania Exhibit the Louisiana Purchase Exposition. (18) Feb. 13. 
Locomotive Caswell. (18) Feb. 13. 
The Relief Valve Detriment the Successful Operation Locomotive. 
Mudd. (Abstract Paper read before the St. (18) Feb. 
Baldwin 4-Cylinder Compound Locomotive.* (47) 
Crushing and Cleaning Plant for Gravel 18. 
Combination Dining, Parlor and Day Cars.* (13) Feb. 18. 
Inaccuracy Some Formulas Elevation Outer 
Rail Curves. Taylor, Am. Soc. (13) Feb. 
Express Passenger Locomotive for the North-Eastern Feb. 19. 
Two Locomotive Experiments. Charles Rous-Marten. (12) 
Steel Cars the Caledonian Railway (15) Feb. 19. 
Vanderbilt Steel Frame Tank Car.* (15) Feb. 19. 
The Cost Handling Locomotives Terminals. Charles Fry. (15) Feb. 19. 
Signals and Interlocking the New York Long Branch Railroad.* 
40) 
Widening the Gauge the National Mexico. Bothwell. (14) Feb. 20. 
Railway Tunnel Ventilation.* (14) 
New Shops the Terminal Railroad St. (18) Feb. 20. 
Tenders. David Van Alstyne. (Paper read before the Iowa Ry. Club.) 
Maximum Load for Locomotive. Chas. Noyes. (Abstract Paper 
read before the Pacific Coast Ry. Club.) (18) Serial Feb. 20. 
Construction Work the Southern Indiana (13) Feb. 25. 
Uneconomical Use Block Signals.* (15) Feb. 26. 
Performance Automatic Signals Cold Weather. Balliet. (15) Feb 26. 
Roundhouses.* (15) Feb. 26. 
lant the Saint Louis Terminal Station.* (40) Feb. 26. 
East Moline Shops the Rock Island.* (40) Feb. 26. 
Method Making Competitive Tests Capacity, Power Consumption and 
Motor-Driven Compressors for Brake Service. (17) Feb 
Pacific Type Engine, Union Pacific (18) Feb. 
The Pacific Electric Railway Serial beginning Feb. 27. 
Specifications for Cast Iron Car Wheels. Feb. 27. 
Installation Electro-Gas Signals the North- Eastern Railway. Feb. 27. 
Comparative Tests Brake Beams: Steel vs. Wooden Beams. 


Tilustrated. 
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Railroad—(Continued). 


Comparison Circular and Rectangular Engine Houses. (13) Mar. 

The Influence Railroads Latin-American Stability. Edward North, Am. 

Fuel Tests the Furness Railroad. England. (15) Mar. 

New Cars for the Milwaukee Refrigerator Transit Company.* (15) Mar. 

The the Big Four Line between Lawrenceburg Junction and Sun- 
man. 14) 

The Construction the Texas Oklahoma Railroad.* Robert (14) Mar. 

The Grand Central Depot Yard Improvements, New York.* (14) 

Air Brake for Electric Railways.* (17) Mar. 

The Great Northern City Railway.* (17) Mar. 

Terminals the St. Louis Exposition.* Mar. 

Substitute for Steam Heavy Railroad Service. Arthur Waitt. 
(40) Mar. 

Block Signals. (Paper read before the Ry. Club Pittsburg.) (40) 
Mar. (18) Mar. 

Consolidation Locomotive for Southern Railway.* (40) Mar. 

Baldwin Atlantic Compound Locomotive, St. Ry.* (18) Mar. 

The Relief Valve Locomotive Operation. (18) Mar. 

Alfree. (Paper read before the St. Louis Ry. 

ub. 18) Mar. 

European Electrically Operated Car Transporters.* Frank Perkins. (18) 

New Type Rail.* (19) Mar. 

Les Automotrices Chemins Fer Vapeur Pétrole.* Turgan. 
(32) Nov. 

Secondaires sur les Véhicules Marche.* Sabouret. 

38) Feb. 

Note sur les Essais Effectués Service Courant d’Indicateurs Pression 
sur les Locomotives Compound Cylindres Roues Accouplées Com- 
pagnie Midi.* Marchis Ménétrier. (38) Feb. 

sur Pieux Vis Pennsylvania and Railroad.* (33) 

eb. 

Ascenseurs Central London Railway: Ascenseurs Hydrauliques Station 

Shepherd’s Bush. (33) Feb. 20. 


Railroad, Street. 


Notes the Construction Electric Road and Power-House Morgantown, West 
Virginia.* Walter Loring Webb. (2) Jan. 

the Brill System for Electric Motor Cars.* Wm. Heulings, 

(2) Jan. 

Traction.* (73) Jan. 29. 

Tramways Telephone System.* (73) Jan. 29. 

Conduit Permanent Way for (21) Feb. 

Steam Cars for Public Service.* Thomas Clarkson, Mech. Feb. 

Single-Phase Electro-Pneumatic Railway System.* Bion Arnold. (73) Feb. 

The Electrification the Metropolitan Railway.* (12) Serial beginning Feb. 12. 

The Street Railway System Schaffhausen, Switzerland.* (17) Feb. 

Steel Car for the New York Subway.* (17) Feb. 13. 

New Surface Contact System.* (17) Feb. 13. 

Interborough Rapid Transit All-Steel Cars.* (40) Feb. 19. 

Manchester Street Power Station the Rhode Island Company, Providence.* (14) 
Serial beginning Feb. 

Westinghouse No. Single-Phase Railway Motor.* Feb. 20. 

Railway Power Plant Providence, Feb. 20. 

Experimental Electric (19) Feb. 20. 

The Lamme Single-Phase Railway Motor.* (27) Feb. 20. 

Manchester Tramways: The Permanent Way, Overhead Equipment and 


Rolling McElroy. (Abstract Paper read before the Inst. Elec. 
Engrs.) (26) Feb. 26. 


The Barking-Becton Light Railway.* (73) Feb. 26. 

Pneumatic Lock for the Harlem River Tunnel.* (14) Feb. 27. 

The Alternating Railway Motor Situation. Louis Bell. (17) Feb. 27. 

Rail Joints and Their Relation Pavements. Van Buskirk. (Paper read before 
the Brooklyn Engineers’ Club.) (17) Feb. 27. 

Efficiency Test 1250 Kilowatt Steam Turbine for Interborough Rapid Transit Com- 
pany, New York City.* (64) Mar. 

Fireproof Cars for New York Subway.* (25) Mar.; Feb. 12. 


Solution the Brooklyn Bridge Terminal Problem.* Neff. (13) 
ar. 


Erection the Westchester Elevated Railway.* (14) Mar. 
Section Five Second Division, New York Rapid Transit Railroad.* (14) Mar. 


The New York and Brooklyn Tunnel for the Rapid Transit Railroad.* (14) Serial begin- 
ning Mar. 


Pneumatic Station Indicator for Subway and Elevated Systems.* (17) Mar. 
New Cars for Detroit.* (17) Mar. 


Tilustrated. 
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Railroad, Street—(Continued). 

New K-28 Controller for the St. Louis Transit Company.* (17) Mar. 

The Manx Electric Railway.* (17) Mar. 

The Tramway System Bath, England.* (17) Mar. 

The Fused Steel-Tired Wheel.* Knox Taylor. (17) Mar. 

Cast-Welded Joints. Albert Herrick. (17) Mar. 

Automatic Railway Switch.* (17) Mar. 
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The gravity system water-works, constructed during the years 
1893 and 1894 the Water Committee the City Portland, Ore- 
gon, included series four reservoirs for supplying the different 
districts the city. Reservoir No. with capacity 000 000 
galls., and No. with capacity 500 000 galls., supply the East 
Side District; and Reservoir No. with capacity 400 000 
galls., and No. with capacity galls., supply the 
West Side District. Two these reservoirs, Nos. and the 
West Side, were built narrow ravine occupying portion the 
City Park, about two miles west the business center the city. 
The lower reservoir has elevation 220 ft. and the higher one 290 
ft. above mean low-water level the Willamette River. These two 
reservoirs were formed dressing down the banks the ravine 
which they are located; and, since their completion, serious derange- 
ment the western slopes both reservoirs has taken place, owing 
movement the adjacent hillside. 

The magnitude this movement was not understood first, but 
papers are issued before the date set for presentation and discussion. 
Correspondence invited from those who cannot present the meeting, and may 
sent mail the Secretary. Discussion, either oral written, will published 


subsequent number Proceedings, and, when finally closed, the papers, with discussion 
full, will published Transactions. 
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has since been found extend for nearly the full length both 
reservoirs, distance about ft. This distance may called 
the approximate width the slide its lower eastern end. the 
apex western end about 400 ft. wide, and its length from east 


places, ranges from 112 ft., and the surface area approximates 
acres. The volume the moving mass has been estimated 
400 000 cu. yds. 

Taking into consideration the characteristic features this 
movement, its length, breadth and depth, and the uniformity the 
movement the sliding mass, may truthfully called Phe- 
nomenal Land the purpose this paper describe the 
surveys and explorations which have been made during the last nine 
years, for the purpose determining the dimensions this slide and 
its probable cause, and aid well devising plan for the cure 
the difficulty. 

The writer has been engaged the service the Water Committee 
since March, 1893, and for the past seven years has had engineering 
charge all construction work. has therefore had personal 
knowledge the work from almost the very beginning, and the sur- 
veys and explorations described the paper have been made largely 
under his personal supervision. 

order reach correct understanding the situation these 
reservoirs, and the reasons which led their location the point 
named, few words regarding the physical characteristics the region 
may necessary. The City Portland largely built the lower 
slopes hills bordering the Willamette River the west. 
For distance between one and one and half miles from the busi- 
ness district the slope quite gradual, rising that distance 
elevation from 150 250 ft. Beyond that point the hills rise more 
abruptly and reach elevation from 800 000 200 ft. 
total distance from the river three miles, less. See Plate IV, 
map the territory. 

Flowing down the eastern slope this range hills there are sev- 
eral small streams which discharge into the river within the city limits 
through brick conduits large size. These streams, though small, 
have furrowed out channels for themselves, which, their upper 
courses, vary depth from 200 ft. below the general level 
the adjacent ridges. One the largest these streams known 
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Tanner Creek, its lower portion being now confined brick sewer, 
approximately ft. diameter. The upper western end this 
sewer near the southeast corner the City Park, and only few 
hundred feet from the site Reservoirs Nos. and which this 
account refers. Above the head this sewer the valley the south 
main branch Tanner Creek about 150 ft. wide, with side slopes 
bluffs basaltic rock few points. 

The reservoirs described are upon the north branch Tanner 
Creek, which from the northwest through corner the City 
Park and unites with the main creek the head the brick sewer 
which reference has been made. The total length this branch 
somewhat more than one mile, and has fall about 500 ft. 
During the dry season the flow insignificant, and, for several months, 
disappears almost entirely. 

The selection this ravine, for the site the two reservoirs re- 
quired for the west side the river, was due chiefly its favorable 
location for securing the desired elevation the most accessible point. 
for making connection with the system pipes then inuse. Besides, 
the land for one reservoir was already owned and the addi- 
tional ground, needed for the second low-service reservoir, adjoin- 
ing the City Park and combined with it, could purchased upon 
favorable terms. 

There are other ravines similar character both north and south 
Tanner Creek, but none more accessible apparently more favor- 
able reservoir site. The location the reservoirs upon level 
ground, outside some ravine, was not regarded feasible, 
within the required limits distance and elevation. the point 
chosen for the reservoirs, the original bed the ravine was quite nar- 
row, from ft., with sides sloping back about 
horizontal, height about ft. the east, and the west about. 
100 ft. above the bottom. 

The material composing the hillside, far appeared from the 
borings and examinations made before the excavation the reservoirs 
was was yellowish sandy clay upon the surface, only 
few feet depth, with basaltic rock underneath. The character 
the underlying rock was not then known, further than what could 


seen several points where bluff few feet high showed rock the 


surface, and one point, 200 yds. wherea perpendicular 
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basaltic character the rock was known. Where exposed, the rock 
was full seams, but appeared sound and place. 

Along the banks Johnson Creek, which flows the next ravine 
north Tanner Creek, about one-third mile from Reservoirs Nos. 
and similar bluffs basalt can seen, road-metal quarry hav- 
ing been opened one point exposing vertical wall, from ft. 
high, which shows plainly the general character the material. 

Here may interest note the following account the geo- 
logical features this region, quoted from Geological Reconnois- 
sance Northwestern Oregon,” Joseph Silas Diller.* 


the whole western Oregon subsided 200 ft. all parts, 
restore least some measure the conditions land and sea 
which obtained during the Pleistocene epoch, evident that the sea 
would flow over the land, making large bay the Columbia and 
extending the valley the Willamette far (50 miles 
south from Portland). ‘‘The Pleistocene water body its general 
outlines must have resembled Puget Sound, and designate specifi- 
cally, already indicated, Professor Condon called Willamette 
Sound. The fertility the Willamette Valley largely due the 
sediments deposited during the time was sound, and some 
the plains and prairies may then have been formed. 

data for the accurate determination the depth the 
water Willamette Valley have not yet been fully made out, but the 
evidence already known Professor Condon indicates that the water 
extended far south Spencers Butte, three miles from Eugene” 
(125 miles from Portland). Judging from the height the terraces 
the Columbia, near the mouth the Des Chutes” (90 miles east 
from Portland), estimated the depth the water over the place 
where the city Portland now stands have been 325 ft. This 
may well be, and yet 
when study the de- 
posits which the hills 
about Portland are com- 
posed, much greater 
depth water indi- 
cated. 
stay Portland rough 


section was made the SECTION PORTLAND HEIGHTS, 
.NEAR GAMBRINUS RAVINE. 

slopes the ravine from 

Gambrinus (or Johnson Basalt. 


Fig. 15. The city 


*Seventeenth Annual Report, United States Geological Survey, 1895-1896, Part I., 
pp. and 486. 


bluff ft. high was exposed. From these indications the general 
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largely upon the modern plane the river, and is, least 
number points—for example, Washington Street, near the 
Oregonian Building—made chiefly clay. The lower portion 
the hill, above the general level the city, made basalt, with 
occasional masses fine sediments, showing traces stratification. 
The upper portion the hill, extending from the top the lava, 
elevation about 310 ft., the general plain above, which 
elevation nearly 660 ft. above the sea, fine, argillaceous 
sediment closely resembling the loess the Mississippi Valley. 
places distinctly stratified and was evidently laid down under water. 
this material was deposited the Willamette Sound Condon, 
appears the case, the depth water Portland must have 
been not less than 600 ft. present too little known the 
geology the Portland 
region assert that the SECTION CLIFF 
heights immediately west 
Portland were deposited 
the same time those 
along the coast. 
bino, bluff exposes the 
section shown Fig. 16. 
“The ft. coarse 
sand above well strati- 
fied, but irregular and and small boulders, 
cross bedded. This, with 
erate next below, indicates strong, shifting currents. The lower ft. 
the exposure made sand, pebbles and bowlders irregularly 
intermingled. the base the cliff, and occasionally within it, are 
found bowlders soft gray yellowish sandstone, very like the 
Tertiary sandstone exposed various places western Oregon. 
fossils were found this point, but Dr. David Raffety gave frag- 
ment, collected from the gravel Brooklyn Mills, that contains Arca 
microdenta Conr., common Miocene form. Brooklyn Mills the 
south end East Portland. The bluff, general composition and 
position, practically continuation the one Albino. The fos- 
sils found Brooklyn Mills are apparently small bowlder derived 
from the Miocene, and indicate that the gravels which the bowlders 
occur are later age than the Miocene. They are doubtless Pleisto- 
cene, and probably younger than the high-level sediments the 
opposite side the river. The fossiliferous Miocene place not 
known the writer nearer Portland than the Scappoose, Columbia 
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County, Dilley, Washington County, about miles away. 
probable, however, that the same series strata occur great 
distance south Portland, and the Willamette Valley and the 
hills the westward, and, furthermore, they probably extend beneath 
the city, where they are covered later 


the foregoing extract, will noted that Professor Diller com- 
ments the absence fossils this vicinity, far present 
known, from which the age the formation could determined. 
bearing upon this point, the writer would here mention fossil which 
was found, December 31st, 1898, one the excavations the 
site Reservoir No. the upper reservoir the City Park, 
approximate elevation 218 ft. above the sea level. The fossil was 
found embedded deposit blue, sandy clay, ft. below the sur- 
face and ft. above bed-rock, connection with some small pieces 
wood and few water-worn pebbles. 

Concerning the classification this fossil, Mr. Lucas, the 
National Museum, Washington, C., writes follows: 


the left lower molar Its worn condition renders 
very difficult identify, but probably Camelops kansanus Leidy. 
This species has been ascribed both Leidy and Cope the Plio- 
cene, while Wortman reports from the Pleistocene.” 


During the fall 1891 and the following winter, nearly two 
years prior the commencement reservoir construction, cable 
railway was built from the business portion the city westerly the 
southeast corner the City Park. Thence continued its westerly 
course, crossing the ravine which the reservoirs are now located 
and ascending the steep slope the ridge for distance about 
500 ft., and thence, turning the north along Kingston Avenue, 
followed nearly level grade for about 200 ft. the terminus 
the line. its last course along Kingston Avenue the road crossed 
two ravines, the first upon 25-ft. embankment, and the second upon 
timber trestle, ft. high and 300 ft. long, the latter being across 
the main ravine which the reservoirs are situated. 

The photographs, Fig. Plate and Fig. Plate VI, show the 
reservoirs and the sloping hillside the west from different points 
view, the cable road and the bridge across King ravine, which 
reference has already been made. 

The view shown Fig. Plate was taken September 28th, 
1897, looking south from the point the ridge northeast from the 
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cable railway bridge Kingston Avenuc. the left can seen the 
gate-houses Reservoirs Nos. and and the valley the south 
branch Tanner Creek. the center appears the terraced ground 
the left which can seen the cluster small firs marking the 
southwest corner City Park. the center the terraces can 
seen the temporary pump-house marking the site Shaft No. 
the right can seen the railway bridge, and, farther on, the outline 

The photograph shown Fig. Plate VI, was taken Septem- 
ber 22d, 1897, looking north along the cable-railway track Kings- 
ton Avenue from point ridge south the moving ground. The 
90° angle the track shown the foreground. short distance 


beyond the center the twisted track the northern margin the 


moving ground. Kings Heights, north Johnson Creek, appear 
the distance. 

The cable road was completed about May, 1892, and put into oper- 
ation once. During the construction the road, the owners the 
property west the City Park made contracts for grading and ter- 
racing their property, with view offering their lots for sale, the 
cable road having been extended this tract solely for the purpose 
making this property accessible and desirable residence dis- 
trict. 

has been stated, the operation the cable road was begun 
May, 1892, but the running cars was discontinued during the fol- 
lowing winter. The operation the road was again commenced 
about May, 1893, and continued until September, 1893, when was 
finally suspended owing the removal the bridge across the ravine 
the site chosen for Reservoir No. change was made necessary 
the beginning work the reservoirs, and the owners the 
property preferred abandon the line rather than reconstruct the 
bridge span the reservoir, and protect properly, accordance 
with the terms their right-of-way agreement. 

During the grading the property west the reservoirs, which 
reference has already been made, ridges were cut down and 
ravines filled, without providing proper underdrainage, and, the 
two years following, other ravines were filled with materials furnished 
the property owners the contractors who were excavating the 
reservoirs. the bottom two the larger these ravines, rough 
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log culverts were built, but, evidently, little care was taken 
prevent the earth from sifting through the chinks between the logs, 
and the drains soon became choked and useless. 

one point the ravine west the cable road the embankment 
formed shallow pool. For the purpose draining this pool, well 
street intersections lower down the slope, the property owners 
constructed terra cotta pipe sewer, some ins. diam- 
eter, laid feet below the surface, and leading eastward the 
park boundary. 

The principal part the work just outlined was completed before 
the excavation for the reservoirs was begun. The excavation for both 
reservoirs was commenced October, and carried forward 
simultaneously both points during the following winter, but the 
work was not entirely completed until September, 1894. 

During the winter 1893-94 municipal affairs occupied the atten- 
tion large committee citizens, styled The Committee One 
Hundred,” and during this time the new water-works, then process 
construction, came for share the criticism which all 
branches the City Government were being subjected. The water- 
works being entirely under the control The Water Committee,” 
consisting fifteen the leading and substantial men the city— 
named for the position the legislative act authorizing the work— 
their management was not impeached, but the engineers the 
Water Committee were criticised some members the Committee 
One Hundred for recommending the location important reser- 
voirs the City Park. result these criticisms, the Water 
Committee called upon their engineers for report the condition 
the work. with this request, the engineers submitted 
the following statement: 


account the elevation the headworks Bull Run, the 
fall required overcome the friction the water the pipe and the 
allowable pressure the city mains and the submerged pipe under 
the Willamette River, the reservoir must placed elevation 
about 300 ft. above the base city grades. 

survey made from the southern the northern boundary 
the city, was ascertained that all the lands this elevation were 
steep hillside that the reservoir could only constructed ravines 
which the required capacity could obtained dams moderate 
height, and the depression the City Park was best suited for the 
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purpose reservoir, and was the only one into which the water could 
discharged without encountering great and almost insuperable diffi- 
culties the extension the supply main from the crossing the 
Willamette River westward. From borings and test pits made the 
side slopes the ravine, was ascertained that the material was 
light surface soil, underlaid with clay and hardpan resting solid 
rock, shown plans and sections recently laid before the Water 
Committee and Messrs. Woodward, Honeyman and Foley the Com- 
mittee One Hundred. 

dam proposed will rest solid rock the sides and bottom, 
and the lining the sides clay, hardpan rock, for which purpose 
all the loose surface will removed. Around the reservoirs, about 
ft. above the water, there will bea berm ft. width, 
along which will laid culverts and drains carry away the water 
running from adjacent lands. 

was stated Mr. Woodward, conference with the Committee 
Monday last, that did not apprehend danger from failure the 
dam leaks from the reservoir, but that the lands the King Real 
Estate Company sloping downward the west line the City Park, 
and resting bed clay, underlaid rock, that this clay when 
exposed the action water would become soft and slippery, that 
the whole hillside would slide down into the upper reservoir, and 
dumped into the lower, causing the destruction both and loss life 
and property from the discharge water contained the 
also stated that should there dip the strata rock the 
foot the hill and toward the reservoir the danger slide 
would obviated. 

construction roads and terraces the lands the King 
Real Estate Company, and the wash small streams caused recent 
heavy rains, furnish ample data observe the nature the soil and 
the underlying strata clay and rock. From the top the bottom 
the hill, the rock crops out places, indicating that there 
great depth the surface soil. the points where the rock ex- 
posed there are indications slippery subsoil tendency 
slide. The slopes are not deep, and extend, not the reservoirs, but 
depression the foot the hill, the west line the City 
Park, along which there road leading the bridge the City 
Park below the reservoir. the western edge the reservoir there 
another road, and between the two there knoll extending 400 ft. 
north the dam. from the east side the reservoir toward 
the deer park, the land appears rise continuously the top 
King’s Hill, but, above stated, there road and depression the 
other side the knoll, from which there gentle slope the top 
the hill. 

Within the deer park the depth the surface not known, but 
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the rock crops out the east side and west side, and the north, 
and the cost would not great strip the rock there would 
the north the deer park and the land the King Real Estate 
Company, there had been surface slide extending down the upper 
edge the reservoir, but this slide, well the others which have 
occurred both reservoirs, can traced the action small 
stream water which has run over the surface soil and saturated 
the clay which rested. This, and all the others, are small and 
local, and can easily remedied. 


side slopes the reservoir have not yet been cut down 
firm materials, and the wash the surface soil the heavy rains 
last winter gives the excavation very rough appearance; but there 
have been large displacements slides, and, our opinion, there 


danger the future any slide sufficient magnitude injure 
the 


The bridge referred the foregoing report crossed the ravine 
immediately front Dam No. affording access the elk barn and 
enclosure which formerly occupied the summit small knoll 200 
ft. from the west end the dam. 

The depression near the west line the City Park was filled, dur- 
ing the reservoir construction, with materials excavated from the basin 
Reservoir No. See Fig. Plate 

The publication this report seemed quiet the fears which 
had been aroused the statements made before the Committee 
One Hundred, and public interest the matter soon began wane. 
The final report the Committee One Hundred, submitted the 
citizens several months later, contained reference the reservoir 
investigation. 

the light subsequent developments, the foregoing report 
the engineers the Water Committee appears indicate failure 
comprehend the magnitude the difficulties with which they had 
contend, but, for such failure, the writer has words criticism 
offer. was that time member the engineering staff, and, 
although indirectly connected with the work question, was 
acquainted with the circumstances the case, then understood, 
and was entire accord with the position taken the engineers 
their report. 

The engineers state their report that was claimed some that 
the hills west the reservoirs were clay resting rock; that the 
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clay would slip and slide when wet; and that, consequence such 
slides, the reservoirs would suddenly filled and the water they con- 
tained spilled out, causing great loss life and property. 

Presumably this opinion was based upon what could seen upon 
the surface near the reservoir, addition what was known the 
material points other ravines where slides had occurred for- 
mer years. That person that time had any conception the 
existence deep-seated movement, the magnitude that has 
since been developed, made evident the fact that they predicted 
surface slides which would suddenly fill the reservoirs and cause 
death and loss property the flooding the low ground below 
the dams. 

examining the ground adjacent the reservoirs, the engineers 
found only indications small surface slips. These they thought 
could rectified, and the ground made stable small expense, and 
they therefore reported favor continuing the work. now 
seen that the engineers were mistaken their judgment, and failed 
realize the magnitude the forces arrayed against them. The slide, 
which was even then doing its destructive work, was not near the sur- 
face the ground, and hence not apparent the ordinary observer. 
Even those who had early knowledge movement upon different 
portions the land,” called, failed connect and 
unite them into one harmonious whole, and far failed estimate 
properly the extent the movement which was taking place. 

The surveys and borings which determined the selection the 
City Park the site for the reservoirs were made chiefly during the 
year 1887, supplemented, however, additional borings made early 
the year 1893. 

The work reservoir construction was pushed rapidly during the 
spring and summer 1894, grading for reservoir basins, work upon 
concrete linings and the massive concrete dams for both reservoirs be- 
ing progress the same time. The excavations for the reservoir 
basins were not completed until about September Ist, 1894. 

the early part August, and before the west slope Reser- 
voir No. been cut down its intended position,.a slip the 
bank was noted about midway the slope opposite point where the 
basin was about ft. deep. (This point marked cross Fig. 
Plate VII.) The slopes the reservoir basin were 1}. 
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The line this slip was found along seam between strata 
blue and yellow clay, the yellow clay being above the blue. The 
slope the seam was found vertical and horizontal, the dip 
being westward into the hill. 

Concerning the character the deposits blue and red yellow 
clay, which were uncovered this point, and which have figured 
largely all subsequent explorations, the following may said: The 
deep yellow and red clays found different points are, rule, quite 
plastic and contain little sand. Evidently, they were formed the 
decomposition the lava, which different periods has overflowed 
this region, and were colored the iron the rock. Some beds 
were found where this process decomposition seems not have 
been complete, for the texture the material was coarse, containing 
grains and small fragments the rock incorporated with the clay, 
but the finer materials were all the same reddish yellow color. 
The blue clay differed from the red some its characteristics. 
When found thin seams near bed-rock, was tough and plastic, 
but when found considerable bodies higher levels con- 
tained quite appreciable portion fine sand. When dry was 
hard pick, and vertical bank would stand without support. 
When placed water soon crumbled into incohesive mass. The 
general characteristics this clay indicate its sedimentary origin, 
some deposits small pieces wood and water-worn pebbles being 
found connection with it. his later treatment this material, 
the writer has described blue quicksandy clay best indicat- 
ing its character. 

Owing the loose material the face the untrimmed bank 
Reservoir No. the extent the slip, referred above, was not 
determined for several days, and was thought merely local 
slip which extended but few feet above the berm the top the 
reservoir slope. fact, there was, about this time, and near the 
same point, local slip extending few feet into the bank, which was 
subsequently refilled and part the parapet wall and slope lining 
built over it. 

After few days’ observation the movement this slide, was 
found that the break the ground extended about 200 ft. south and 
100 ft. north from the point where first appeared, making total 
length along the reservoir slope approximately 300 When first 
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observed, and for several days thereafter, the movement was the 
rate per day, but this did not continue long. 

The plan adopted overcome this difficulty was build con- 
crete retaining wall front the slip and below the reservoir lin- 
ing. This wall was the 
dimensions shown Fig. 
for total length about 
320 ft. 

the time this wall was 
being built, drainage tunnel 
was constructed the rear 


Concrete 
Retaining Wall 


\\ 


~ 


the wall, following closely 
possible the seam dividing 
the blue clay from deposit 


yellow clay with mixture 
loose rock, which was found CONCRETE RETAINING WALL, 
BELOW RESERVOIR LINI 


nel extended the full length 

the buttress, and from 100 ft. westward therefrom. Several 
small pockets water were tapped and drained into the sewer through 
pipes laid this tunnel during its construction. 

After the completion this wall was observed carefully for some 
days, and, further movement appearing, was thought that the 
retaining wall and drainage tunnel acting conjunction had been 
effective checking the movement. Accordingly, the lining the west 
slope was completed and the reservoir made ready for use accordance 
with the original design. The filling the reservoir was completed 
December 17th, 1894. 

The work Reservoir No. the upper high-service reservoir, 
will described next. 

Early September, 1894, the work this reservoir had pro- 
gressed far that the lining had been completed the bottom and 
the west slope, when the discovery was made concrete lining 
the bottom had bulged one point, just north the center, from 
some cause then unknown. days later, September 8th, this break 
was repaired, but before the end the month another one was 


ered the bottom, near the foot the west slope and opposite the 
former break. This time the difficulty was thought due quick- 
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sand and clay the bank behind the facing more stable materials 
upon which the slope lining had been laid. 

meet the difficulty encountered this point was decided 
construct concrete buttress wall about 100 ft. length, and the 
general dimensions shown Fig. 


Scaleof Feet 
0 5 10 


CONCRETE BUTTRESS RESERVOIR NO. 


Fie. 


the same time that the construction this buttress wall was 
progress, work was begun drainage tunnel run into the bank 
west the reservoir, the berm level, for the purpose draining 
away any water which might reach the reservoir from that direction. 
The construction the buttress wall and the drainage tunnel the 
berm level, occupied about one month, and occasioned some delay, but 
the reservoir was completed and ready for use early December. 

The photograph, Fig. Plate was taken September 22d, 1897, 
looking the west from point the City Park, about north- 
east from Gate-house No. left can seen portion 
Reservoir No. with the rip-rap the west slope above the roadway. 
the center can seen the gate-house and portion the dam and 
basin Reservoir No. with the graded slope extending the Park 
boundary. The clump trees the left the center the 
southwest corner the City Park. 

The highest point the ridge shown near the center approxi- 
mately 2300 ft. distant, and 400 ft. above Reservoir No. 


the right can seen portion the buttress built against 
the west slope of-Reservoir No. 
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further movement the bank was observed until the very day, 
December 14th, 1894, the reservoir was being filled, when two cracks 
the bottom were discovered near the south end the buttress 
completed but short time before, but the full significance these 
new cracks was not discovered until after the reservoir had been filled. 
Directions were given once have the reservoir emptied, which 
was accomplished December 20th. 

From the examination which followed the draining the reservoir 
was concluded that the difficulty was caused the presence 
water the adjacent bank west the reservoir basin, and steps were 
once taken construct drainage tunnel behind the reservoir lin- 
ing, had been done Reservoir No. some months before, but this 
time grade parallel with the bottom the reservoir basin. 

This tunnel had its outlet connecting with the sewer point 
between the power-house and Dam No. and was located along the 
margin the bed loose rock and clay which explorations had 
shown exist the bank the west the reservoir. The con- 
struction this tunnel occupied several months, and when had 
been completed along the entire western margin the reservoir its 
northern extremity, point more than 100 ft. from the foot the 
reservoir slope, was thought that satisfactory solution the 
whole difficulty had been reached. Drain pipes were therefore placed 
the bottom the tunnel, and the excavated material was replaced, 
the expectation that all needed drainage and protection work had 
been done. 


While this tunnel work was progress, surveys were begun for 


the purpose determining the extent the movement both 


reservoirs. The indications pressure against the reservoir walls. 


were more pronounced Reservoir No. than elsewhere, but even 
there they were not serious prevent the basin being least 
partially filled from December, 1894, until the following September, 
The first evidence pressure against the walls the completed 
reservoir was noticed about the middle January, 1895, few 
weeks after the basin was first filled, when small crack appeared 
the west parapet, near the old cable railway crossing. Other cracks 


soon appeared, increasing number and size, until the middle 


April, when the parapet was broken several places and the lining was 


cracked, parallel with and about ft. below the berm walk, for 
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distance about 300 ft. examination made this time showed 
that the upper part the lining and portion the parapet wall 
had been lifted clear the ground and the wall tilted the west. 

The view shown Fig. Plate VII, was taken September 28th, 
1897, looking west from the north end the dam Reservoir No. 
and shows the cracks the parapet wall and the west slope, indicat- 
ing movement the bank. The position the concrete retaining 
wall, built under the slope lining during the construction the reser- 
voir, indicated the upper line horizontal cracks about midway 
the slope. The retaining wall for the roadway and face 
the original excavation are shown above the parapet wall. Breaks 
the rip-rap, due the slide, can traced atthe upper left margin. 

The photograph shown Fig. Plate VII, was taken Septem- 
ber 28th, 1897, looking south along the west slope Reservoir No. 
from point the parapet wall front the power-house. 
shows the crack the outer edge the inclined roadway and 
the face the slope above the sub-retaining wall, and also the 
breaks the parapet wall with the concrete slope lining crowded 
nearly the top the wall reason the pressure the 
ing ground. The maximum observed movement the parapet wall 
from December 31st, 1894, October 11th, 1897, was 3.24 ft. 

Soon afterward, that portion the lining above the crack was re- 
moved, ard after this had been done the parapet returned nearly 
its original position. doing this work, break was found 
pipe, which had been laid under the berm walk for the supply 
series jets around the margin the basin; and, another point 
the same pipe, branch was found have been plugged with con- 
crete instead iron, and was thought that these defects, allow- 
ing the escape water, had been causing settlement 
under the concrete lining and parapet. was also recalled that the 
breaks appeared first near the point where short section the 
parapet had been built upon made ground, account small slide 
which occurred before the reservoir was completed. These facts are 
mentioned simply show that all were groping the dark search 
some explanation what was taking place before their eyes. The 
surveys made this time indicated that movement the 
parapet wall had taken place, but was not considered sufficient 
explain the cracks the concrete lining and parapet. 
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During June and July, 1895, the slight movement which had been 
noticed ceased nearly that was deemed safe begin the repair 
the reservoirs order that they might used. Accordingly, August 
and September were devoted principally this work. While repairs 
were being made Reservoir No. additional drains were laid under 


the floor and the west slope, was thought that they 


prove safeguard protect the concrete work. This hope, 
however, for the repairs the reservoirs had hardly been completed, 
and the basins partially filled with water, before became apparent 
that the pressure from the adjacent banks was great This 
was shown the appearance new cracks the lining and parapet 
the range lines established during the previous January. 

The repairs referred above included increased thickness con- 
crete upon the reservoir floor, making total thickness about 
Prior this time the foundation the buttress moved with the 
pressure. The subsequent movement caused the wall break the 
angle, from ft. above the reservoir floor. See Figs. and 
Plate 

This view was taken September 28th, 1897, looking west from 
point the east parapet Reservoir No. opposite the buttress. 
shows the horizontal crack the buttress and the principal breaks 
the west slope and parapet. The photograph shown Fig. Plate 
was taken September 28th, 1897, looking south from. point 
the the north end Reservoir The cracks the 
buttress are shown the left. the right margin can 
northern limit the broken parapet and slope lining. The maximum 
observed movement the parapet from December 31st, 1894, 
October 11th, 1897, was 1.69 ft. 


From statements already made, will seen that, from the first, 


numerous theories were advanced explain the cause the difficulty 


with which the engineers were contending. one time, the move- 
ment Reservoir No. was thought due entirely deposit 
behind the buttress which had been built under 
the lining before the reservoir was completed. The tunnel was then 
draining considerable water from the vicinity this deposit, but 
apparently without effect. 

direction the chief engineer, during March, 1895, the writer 
corresponded with Robert Harris, Am. Soc. E., since 
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deceased, inquiring his process for handling quicksand could 
used advantage solidifying the material situations similar 
this, which was described tohim. Mr. Harris stated reply that 
did not think that his process would applicable, and said hethought 
the hillside was moving forward seam the clay and that the 
movement was caused spring,” occurred ina case 
his own practice where ran tunnel the spring, and, removing 
the water, stopped the slide. 

the movement suggested Mr. Harris was not deemed 
within the bounds possibility, for the thought the move- 
ment the whole mountain side was alarming one, but when, during 
the autumn, was noticed that the movement was still progress, 
even after the lapse several months dry weather, new and more 
vigorous search was begun, order determine the point where the 
slide could have originated. 

The writer was cognizant the statements that had been 
the effect that the whole hillside was part old slide, but not for 
long time, and only after repeated examination, was able deter- 
mine, even approximately, the boundaries the ground which might 
said form part slide.” The ground the 
reservoirs was examined carefully for surface cracks which was 
thought would certainly appear some point within reach ordi- 
nary slope upward from the reservoir bottom. That such surface signs 
should not found within distance 600 ft., that the slope 

the break should flatter than was then undreamed and 
not deemed within the bounds possibility. 

Gradually the limits the examination were enlarged, until, 
23d, while exploring the vicinity the old cable track 

Kingston Avenue, the writer detected slight bend the rails. 
During the week following this discovery further explorations were 
made, and instrumental surveys well, which resulted locating the 
head the slidé marshy depression the hills about 600 ft. west 
-of the cable track, and some 700 ft. more from the reservoirs. The 
top” knoll apparently one time formed part the 
ridge. The marshy depression front the knoll, which reference 
has been made, semi-circular shape, about 300 ft. long and from 
ft. wide. the basin the southeastern end was 
not more than ft. above the level the marsh, and therefore 
the water stored could not have been greater depth. When dis- 
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covered, there was water standing the surface, but the ground 
was moist places and covered with swamp grass, weeds and brush. 
Subsequently, the peaty formation was found from ft. 
deep, with clay underneath. 

That the movement must have been progress for months, years, 
was shown the deflection the alignment the cable track the 
center the slide, which amounted 2.2 ft. maximum, determined 
the instrumental observations, assuming that the track was laid out 
originally tangent for the entire distance along Kingston Avenue, 
which known have been the case. The examinations also showed 
the entire absence all surface cracks, parallel with the reservoirs, 
any point between the reservoir basins and the swampy ground the 
head the slide. sign the movement was found one interme- 
diate point, however, shown Fig. Plate VI. This point was 
angle the cable railway its western course the hill, and 
about 500 ft. from Reservoir No. The angle the track this 
point about 18°; the distortion the rails, however, when first 
noticed, was about one-third great shown the photograph, the 
latter not having been taken until June 24th, 1898, nearly three years 
after movement was first discovered. 

The photograph, Fig. Plate VI, looking west, shows the angle 
the cable-railway track just east Shaft No. The pressure 
the slide has warped the track out position, the rails having been 
bent the south. When this movement was first observed, Septem- 
ber 25th, 1895, the lateral movement the rail amounted about 6ins. 
shown the photograph, the rail ins. from the original posi- 
tion, measured angle 60° from the horizontal. similar 
movement the north track has taken place, but does not show 
the photograph. Toward the top the picture vertical bend the 
south rail the south track can distinguished. This point 
the east side the ball ground” landing, where there break 
the grade. has been observed that all rail joint? along this section 
the track are tightly closed. 

the result these examinations, was decided begin once 
series instrumental measurements determine whether the slid- 
ing ground was really extensive recent indicated. 
pursuance the plan then adopted, several range lines were estab- 
lished, with their terminal points widely removed from the vicinity 
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the suspected ground, each line having number intermediate sta- 
tions located observed easily and accurately, and the 
same time supposedly moving ground. 

During the latter part 1895, and the first six months 1896, 
twenty-nine these range lines were established, about half which 
were observed intervals about one month for period from 
three five years, and several have been observed the present time. 
The lines, first, were established cover wide range ter- 
ritory, for was thought possible that the movement the hillside 
might more extensive than then appeared from any visible signs, 
and therefore several the ranges were extended the summits 
the highest ridges sight upon the north and south sides the sup- 
posed sliding ground. After few months’ trial the observation 
these long-range lines was discontinued, for soon became evident 
that the movement was confined the ground lying the west the 
reservoirs and within the limits the ravines extending west from 
the City Park. 

Some range lines were also established early 1895, with reference 
the movement the parapet wall. When became apparent that 
the movement extended for considerable distance from the parapet 
walls, preference was given observations lines having points set 
the ground, for was noticed that the pressure against the parapet 
wall was not uniform, and that, places, the wall was being tilted 
the west. 

1895, when most these range lines were established, sur- 
face signs movement, other than the curvature the cable-railway 
tracks and the breaks the lining and parapet walls the reservoirs, 
were apparent any point, excepting few small cracks the 
ground the vicinity the marsh the head the slide. The 
surface the ground, between the reservoirs and the cable road 
Kingston Avenue, was searched carefully for cracks which might in- 
dicate the extent the movement, but, contrary all expectations, 
crevice could detected along the high ground adjacent the 
reservoirs and parallel with them, and, strange may seem, such 
crack has ever been observed, with the exception one, about 125 ft. 
long, near the site the old elk barn and about 200 ft. west the 
power-house and Dam No. This crack did not appear until May, 
1896, eighteen months after the reservoirs were excavated, and could 


. 
\ 
} 
| 
| 
| 
| ty 
ij 
il 
‘ 
if 
i} 
if 
4 
i} 
} 
if 
| 


188 PHENOMENAL LAND SLIDE. [Papers. 


not seen long, for, having been only trace along the surface, 
was obliterated entirely ina few months. Other cracks, larger 
size, were found, about this time, around the margin the depres- 
sion, marshy ground, the head the slide, and these increased 
such extent that during 1897 the outline the movement 
that vicinity could traced almost continuous break the 
ground. 

the autumn 1895, soon became apparent that the 
movement extended such great distance from the reservoirs, the 
chief engineer directed that arrangements made determine the 
depth the slide, well the area, order ascertain whether 
not the movement was along near the surface bed-rock. 

The plan decided upon for securing this information was drill 
through the overlying material, and into the rock, with ordinary 
well-boring machine, water-jet being used remove the earth and 
pulverized rock. This work was progress from September 27th, 1895, 
until March 1896. all, twenty-five holes were drilled, aggre- 
gating ft. These borings were located 
along the cable track, and eastward, and, subsequently, two them 
were found outside the limits the moving groynd. The 
contract for this work specified that the holes should drilled 
through the overlying strata clay and loose rock, and ft. into the 
solid bed-rock, make certain that the drill did not stop 
each small boulder encountered. The holes were ins. diameter, 
and were cased with wrought-iron pipe which was driven until the 
lower end was close contact with what was thought bed-rock. 

The prices paid for this work were $1.25 per linear foot for earth 
loose material, and $3.00 per linear foot for solid rock, where the 
holes were drilled deeper than the ft. specified, was done some 
instances. These prices included the use the plant, and labor only, 
all other expenses, for casing, and for wood and water, for the use 
the engine, being extra, the total cost averaging $1.68 per linear foot. 

After the holes had been drilled and cased, the next thing was 
devise some plan which the depth which the movement was 
taking place could determined with accuracy, and the following 
was decided upon: measure the depth the holes, small pipe, 
in, diameter, was fitted 10-ft. sections for ease handling. 
each end one these 10-ft. sections there was fitted flange, 
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about ins. diameter, which nearly filled the inside the well 
casing. this flanged section pipe the other sections were 
coupled for with this handle the flanged section was 
passed down the well casing bed-rock. 

trial this sounding rod was made soon after each boring was 
completed, and all cases would pass freely the bottom the 
hole. Subsequently, this trial was repeated intervals about one 
month, but, after one two trials, was found that the pipe flanges 
would stick the casing and prevent the rod from reaching the same 
depth upon the first trial. This was understood mean that bend- 
ing the well casing, caused the movement was taking 
place about the depth reached the flanged rod, the flanges 
the bottom section preventing the rod from passing the bend the 
pipe. 

Subsequent explorations showed conclusively that measurements 
the depth the slide made with these rods were practically correct. 
three instances where bends the casing occurred the pipes were 
dug out afterward and were found badly bent broken within 
ft. the depth determined the sounding rod. most the 
borings made the movement was found taking place near the 
surface the bed-rock, and depths varying between and 112 ft. 
below the surface the ground. some the borings, water would 
rise the casings after they were completed, indicating the presence 
water pockets various places the sliding ground. 

The necessity for improvement the drainage the sliding 
land district was early recognized, and, before the beginning the 
autumnal rains 1895, permission the property owners, drain 
was dug through the southern rim the basin marshy ground 
the head the slide, convey away any surface water which 
might otherwise accumulate there during the winter. That water had 
accumulated there formerly has been testified those with 
the locality, but probably the depth did not exceed ft. Hand-auger 
borings were also made the marsh, and showed that the peaty for- 
mation the surface did not exceed depth ft. and was 
underlaid bed clay. 


While this work was progress the King Real Estate Association 


was besought for permission fill the pool the depression left 
them west the cable railway embankment the time the grading 
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was done and the culvert built. This culvert sewer was not laid 
deep enough drain the bottom the ravine, and, consequence, 
the center, there. This pool was kept full constantly 
the drainage from several small springs which came the surface 
the bottom the ravine above the railway crossing. The request 
the chief engineer for permission fill this pool, the expense 
the Water Committee, was granted the property owners, after some 
little time had been taken consider the matter, and the work was 
begun once. Drains for the removal surface water points ad- 
joining the reservoirs the west were also built and connected with 
the sewers constructed during the previous year. 

During the winter 1895-96, and, fact, during the entire year 
1896, the only construction work done connection with the slid- 
ing land was see that all ditches and drains were kept open 
carry away all surface drainage. Surveys the range lines were also 
made regularly each month determine the rate the movement. 
one result these repeated observations, was noted that there 
was marked increase during the winter rainy months—say, 
November May, inclusive—and corresponding diminution the 
movement during the remaining months the year, when the rainfall 
was considerably less. 

During 1896, the cracks the reservoir linings were observed 
increasing slowly number and for the purpose determin- 
ing what effect, any, would produced thereby, the water the 
reservoirs was drawn down and times the basins were entirely 
emptied. Owing the cracked and broken concrete lining, and the 
absence water the basins, the reservoirs soon began present 
unsightly appearance. 

may well explain here that the quantity and quality the 
water delivered the city has never been affected the defective 
condition the City Park reservoirs. The reservoir system, de- 
signed and built, provides that the reception water from the main 
conduit, and its distribution the different parts the city, should 
all done through the medium wrought-iron steel tanks, one 

which located the interior the gate-house connected with each 
reservoir, and which all mains are centered. The reservoir basins 
were intended for storage purposes only. some instances the inflow 
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and outflow are through the same pipe, hence circulation water 
through the reservoir cannot maintained without overflow into the 
sewers. The total estimated capacity the four reservoirs connected 
with the system 66000 000 galls., four days’ supply for the city. 

The temperature the water delivered the city during the sum- 
mer months also appreciably cooler* when distributed through the 
gate-chambers direct than when stored the reservoirs, even for 
few hours, and hence more satisfactory. From the foregoing state- 
ments, will seen that the delay completing the reservoirs for 
use has way detracted from the general excellence the water 
supply furnished the city during the past nine years. 

Early the spring 1897 the proof that water the underground 
springs, fed percolation from the surface, was prime factor 
producing the slide, not the only originating cause, became 
conclusive that, April 27th, the writer addressed letter the 
chairman the Water Committee, explaining considerable length 
the discoveries thus far made, and the reasons for believing that the 
removal the water thorough system drainage would stop the 
slide. this letter, reference was made drainage project and 
estimate cost which had been prepared the writer during the 
preceding year. 

few weeks later, action was taken the Water Committee, look- 
ing the engagement consulting engineer examine the sliding 
ground and report the best means for the cure existing condi- 
tions, which happily resulted securing the services Men- 
dell, Am. E., Colonel, Corps Engineers, (since 
deceased), for the investigation the problem. 

Colonel Mendell examined the reservoirs first July, 1897, and 
also intervals thereafter, and his direction certain additional 
surveys and explorations were undertaken which resulted the dis- 
covery number interesting data regarding underground 
conditions, and the depth and cause the slide. 

order avoid all uncertainties regarding the character the 
bed-rock and the overlying earth, Colonel Mendell approved 
suggestion that wells shafts excavated bed-rock hand, and 
made ft. size, instead the 4-in. borings used formerly. 
method procedure proved very successful, and, the 
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main, was followed all subsequent explorations, although 


time the boring machine was again used for few weeks order 
expedite the work. 

The excavation the open shafts, although more expensive than 
the smaller drilled holes, was every way more satisfactory, for 
was then possible determine the character the bed-rock and the 
overlying material more satisfactorily than could have been done 
any other way. was this trve the seam blue clay 
adjacent the bed-rock, forming the bed the slide,” 
which has played such important part studies the 
problem. 

Work these wells shafts was begun July 19th, 1897, and 
prosecuted almost continuously from that time until January 24th, 
1899, part the time with two crews men. ordinary winch 
and bucket, worked hand, was used for removing the excavated 
material. was found necessary use curbing, from the surface 
down, 8-in. fir'plank, corners, being used for this 
purpose. Twenty-two shafts, all, were excavated, having 
aggregate depth 497 ft., with 454 lin. ft. tunnel connected with 
the same. While this work was progress, nine additional borings, 
aggregating 677 lin. ft., were made for the purpose expediting the 
work and order fill certain areas where the the 
material was not known with sufficient accuracy and was mainly de- 
sired determine the depth the earth overlying the 
The location the shafts shown Plate IX, and Fig. which 
shows some profiles through the center the slide. Sections the 
shafts and borings are shown Plate XI. 

The shaft excavations and borings were made experimentally, the 
discoveries one shaft awakening inquiry and suggesting investiga- 
tions another point, and until much larger field was covered 
and more work done than was anticiputed first. number sur- 
prising developments resulted from this series par- 
ticularly the character the material between the surface and 
bed-rock, and the existence well-defined seam clay near bed- 
rock which gave ample evidence being the bed the slide. cer- 
tain localities unexpectedly large quantity water was found 
connection with the clay seam lying upon near the surface the 


bed rock, and much attention was given investigations the 
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SKETCH AND PROFILES MOVING GROUND 
WEST RESERVOIRS NOS, AND PORTLAND, ORE. 


SHOWING GENERAL CHARACTERISTICS OF THE MATERIAL BETWEEN THE SURFACE AND BED-ROCK, 
AS DETERMINED BY BORINGS ANB SHAFT EXCAVATIONS COMPLETED IN 1898. 
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source and extent this underground water supply, for this time 
had come fully realized that water the seams the 
material composing the hillside was, chiefly, the originating cause 
the movement. 

The first excavation made, Shaft No. was the line between 
the King and Carter claims, near the axis the slide and about 900 
ft. west from Reservoir No. while Shaft No. was about 250 ft. far- 
ther east. These shafts were located these points simply because 
they would thus practically part the territory ad- 
jacent the reservoirs which remained unexplored the conclusion 
the work the previous season. The discoveries made these 
points were most surprising, and had important bearing upon all 
the later investigations. detailed statement the peculiar charac- 
teristics the material found each shaft and boring will found 
Plate XI, but may interest refer briefly some the 
more important discoveries made. 

Shaft No. 1.—The excavation Shaft No. was begun July 
19th, 1897, and completed January 1898. The elevation 
the surface was 435 ft. above the city datum use 1894, which was 
about the elevation low water the Willamette River. From the 
surface depth ft., grayish quicksandy clay was found. 
should stated that the original surface the ground had been 
removed when the streets and lots were graded and the consequent 
cutting down ridges and filling ravines was accomplished. The 
total depth excavation was ft. 

ft. hard, blue, sandy clay was found, upon the top which 
quantity water collected. ft. the blue clay was found 
mixed with fragments rock, quite soft, and nearly disintegrated. 
ft. crack, in. wide, was noticed, having northeast and south- 
west course, but was soon lost. The ground that depth was quite 
solid. The blue clay, mixed with rock, continued depth 
ft., where was found blue, sedimentary clay without any admixture 
broken rock. this depth some small fragments wood were 
found, which were apparently fir. They were much discolored, 
but well preserved, the grain the wood showing distinctly. The 
pieces wood found the shaft aggregated about cu. ft. vol- 
ume. This blue, sedimentary clay continued, practically unchanged, 
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foul air was encountered, making necessary put ventilating 
shaft, which consisted small box one corner the shaft, 
the lower end which small fire was maintained. few feet below 
this level thin layer material, very black, tough and dry, was 
found. ft. was found mixture blue and yellow clay, 
mingled with broken rock which water-worn well rounded 
stone, ins. diameter, was found. Until this stratum clay and 
rock had been penetrated ft., depth ft. below the sur- 
face, little difficulty was caused ground-water, which collected 
the clay the west side the shaft was dark blue, unmixed with 
rock, some pieces clay having smooth faces. this depth the 
flow water increased suddenly, that the shaft was filled 
depth ft. one night. The next day the water was bailed out, 
and excavation was continued. During the following night the shaft 
was filled again, this time depth ft., the flow being the 
rate 1.8 galls. per minute. After contending with this flow 
water for several hours, the shaft was deepened additional foot, 
ft. below the surface, more pieces clay being found with 
smooth upper faces. August 6th, 1897, just the men 
were quitting work for the night, the flow water increased suddenly 
galls. per minute, rising the shaft one hour. The next 
morning stood within ft. the surface the ground, making 
total rise 604 ft. hours. 

The flow water the shaft was strong render hopeless 
the task lowering with ordinary windlass and bucket, and, 
therefore, was decided install deep-well pump, run steam 
power, order drain the shaft sufficiently proceed with the 
excavation. This was done once, and the pumps were operation 
August 19th, but that time there was but littlo appreciation 
the magnitude the task, for was not until January that the 
work was completed and the pumps removed. 

Beginning with two small pumps, with about 18-in. cylinders, 
the number pumps was increased four before any appreciable 
headway could made. The estimated capacity all four pumps 
was galls. per minute. using four pumps was practicable 
lower the water nearly the bottom the shaft without continuous 
pumping, but, resting half hour, the water would rise the 
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shaft, had resumed. noting the diminishing 
height which the water rose during the half-hour interval rest, 
some idea was,obtained the progress which was being made 
draining the underground reservoir. first, the water would rise 
from ft. half hour, while toward the end the rise was not 
more than one-quarter that amount the same time. During 
portion the time, order expedite the work, the pumps were rnn 
day and night. 

Toward the latter part January, 1898, the flow diminished 
such extent that was practicable dispense with two the 
pumps, thus giving room work the bottom the shaft: while 
pumping was progress. After effort lasting several days, the 
layer loose rock, underlying the clay seam heretofore mentioned, 
was penetrated, and, depth ft., bed-rock was reached and 
found comparatively smooth and free from fissures. Above the 
bed-rock, the east side the shaft, plainly defined movement 
seam was uncovered, having ins. dark blue clay above the line 
cleavage, with fine broken rock between the clay and the solid bed- 
rock. The inclination the clay seam was eastward, approximately 
2.5 ft. the width the shaft. 

The line cleavage the stratum clay was defined very 
clearly. The upper and lower portions the stratum could 
easily separated along the line cleavage, and the faces which had 
been contact presented uniformly smooth and glazed appear- 
ance. When first exposed, the surfaces were bright and shining, 
though they had been varnished, but when dry the color was dull 
and leaden hue. There were slight ridges inequalities the sur- 
faces, running east and west, showing the presence grains rock 
some hard substance, and indicating also that movement had been 
taking place along the plane the two surfaces. The excavation was 
carried below the main water-bearing stratum, which appeared 
above the clay seam. 

January 31st, 1898, after the excavation had been carried 
bed-rock, the pumping was discontinued. The total quantity 
water pumped from the shaft from August 19th, 1897, January 31st, 
1898, was, approximately, 925 000 galls. 

Measurements made February 16th, 1898, showed that the 


level the shaft had been lowered ft. the removal 
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nearly 000 000 galls. water. After the cessation pumping, the 
water continued rise slowly until March 2d, 1899, when stood 
Elevation (435), level with the surface the ground. was 
afterward noted that there was slight falling away during the dry 
season, followed complete recovery during the winter. 

The view shown Fig. Plate VI, was taken September 28th, 
1897, looking north from the summit the ridge near the old ball 
ground south the reservoirs. the right can seen the dam, 
gate-house and about half Reservoir No. and also the power- 
house and the gate-house and principal part Reservoir No. 
the west the power-house and Reservoir No. shown the roadway 


the rip-rapped slope above it, and beyond, and farther the left, 
the small grove the southwest corner the City Park. Still 


farther west can seen the terraced ground, with the temporary 
pump-shed Shaft No. standing near the center. 

Shaft No. 2.—While the work Shaft No. was progress, the 
other shafts were also being excavated. Shaft No. one block east 
Shaft No. and also the line between the King and Grover 
claims, the surface elevation being (408), was begun July 19th, and 
completed August 1897. The total depth the shaft was 
112 ft. 

The same grayish, quicksandy material found near the surface 
Shaft No. was found here depth ft., and below that 
yellowish sand, ft. thick. below the surface, 
vertical crack, in. wide, running northeast and southwest, was 
noticed, the material west the crack being yellow, while that 
the east side was bluish color. The excavation followed the 
for about ft. only. From ft. the material was princi- 
pally very hard sand. From ft. yellowish clay mixed with 
broken rock was found. From ft. the material was princi- 
pally sand, similar that between and ft., and, places, was 
very hard pick. From 105 ft., grayish, honeycombed rock, 
full seams, with some earth, was found. some places the mate- 
rial was hard, and other places could picked easily. ft. 
the material was quite loose, with some pieces dark blue clay. 
Here galls. water collected one hour. From 105 110 ft. 
small stones mixed with coarse sand were found. 112 ft., solid 
tock, free from seams, was found, with dip the east about 
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3.5. There was stratum dark blue clay ft. thick top the 
rock. The line the slide was defined clearly near the bottom the 
Since the completion this shaft the water has never collected 
greater depth than 7.5 ft. 

Shaft No. excavating Shaft No. was noticed that the 
water the bottom the shaft came from the northwest, which fact 
called renewed attention the springs that direction and west 
the old which reference has already been made. was 
therefore decided sink Shaft No. near the west end the ravine 
which these springs were situated. 

The elevation the surface was (467.5). The depth the excava- 
tion was ft. Excavation was begun August 9th, 1897, and 
abandoned the next day, the was found too near the 
margin the moving ground afford the intormation desired. 

For the first ft. yellowish clay and logs were found intermingled. 
quantity water came from seams the rock the north 
end the pit. When work was suspended, the materials found were 
clay the south end the pit and loose rock the north end. 

regard the springs, the owner the property stated that the 
flow water was much less than when first examined the ground, 
perhaps forty years ago, the springs formerly furnishing water supply 
for some the buildings the eastern border the property. 

Shaft No. 4.—The point next selected for examination was few 
feet north the claim line and short distance from the western end 
the moving ground, the surface elevation being The depth 
the excavation was ft. Excavation was begun August 
and completed August 23d, 1897. 

From the surface down for depth ft., the material was yellow 
clay, and below that was found ft. bluish clay. From 
ft., were found gray and yellow clays which were quicksandy places. 
From ft., the material was chiefly red clay mixed with small 
pieces porous rock. Between and ft. the clay was very plastic 
and was yellow when dry. this level, 150 galls. water collected 
one night. From ft., layer dark blue clay resting upon 
rock was found. The surface the rock could picked the 
depth ins., but below this was hard. The rock dipped slightly 
the east. The line the movement seam was defined clearly be- 
tween the depths, and ft., and consisted about red 

yellow clay resting upon blue clay, with solid rock underneath. 
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This shaft being near the border the moving ground, was 
next determined along bed-rock until the northern 


‘limit the slide should reached, this could found within 


reasonable distance. The slope the rock being easterly, the tunnel 
was started northwesterly direction, order provide for drain- 
age. This work was begun August 26th and completed Septem- 
ber 15th, 1897.. The securing proper ventilation for the shaft and 
tunnel proved quite hindrance. the tunnel was expected 
only temporary affair, was made small could worked 
conveniently, about ft., and was not timbered thoroughly. The 
material encountered was similar that the shaft, being 
reddish clay mixed with fragments porous The tunnel fol- 
lowed the top the stratum blue clay, the dividing line between 
the blue clay and the red clay and gravel being plainly marked. 

ft. from the shaft was found seam blue clay, in. thick, 
with smooth faces, showing pressure, but not furrowed. The dip 
the seam was ins. ft., and the northeast. plainly 
defined crack was found which was nearly vertical and crossed the 
tunnel nearly with the break the surface the ground, 
which marked the margin the slide opposite that point. When ap- 
proaching this crack the breast the tunnel fell in, showing the line 
the movement seam. the crack, the material was cemented 
and much harder than anything found before, some large pieces 
rock appearing the face. From measurements made the tunnel 
level, and also the surface the ground, the slope the run 
the slide that point was determined approximately vertical 
horizontal. 

During the excavation the shaft and tunnel, the water draining 
from the ground caused little trouble until point near the bottom 
was reached. The quantity which collected each night gradually in- 
creased from galls., when depth ft., 120 galls., when 
the bottom, with the exception one night, already noted, when, 
depth ft., the quantity collected was 150 galls. The drainage 
was principally from the north. After the completion the tunnel, 
the water collected for some days the rate galls. per 
hour, and about two weeks had filled the tunnel and shaft the 
depth 17.5 ft. February, 1898, the water stood Elevation 


(514.9) depth 56.4 ft., but the ordinary depth was from 
ft. 
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During the period covered the observations the variations 
the water level this shaft were much more marked than any other 
point observed. The rise which took place within day two after 
heavy rainfall was especially noticeable. possible explanation 
this sudden rise, may noticed that the shaft the foot 
steep bank where the coating fine surface earth comparatively 
thin and the underlying material probably usually porous. 
The tunnel, having direct connection with the crack reaching the 
surface, may also have had some effect. may noted, also, that 
this point, and all other shafts, the surface around the opening was 
protected against direct drainage into the well. 

Shaft No. 5.—Work this point, located about 400 ft. west 
Dam No. was begun August 23d and completed September 
1897. The surface elevation was 379.6. The depth the exca- 
vation was 101.4 ft. For the first ft. the excavation was through 
old embankment made when the property was being graded. Next 
was found ft. yellow surface earth and below that ft. gray- 
ish, porous rock, growing harder toward the bottom, where was full 
seams, and similar that found Shaft No. about the same 
elevation. Next below, 2-ft. layer small stones and coarse 
cemented, was found, followed ft. hard basalt small pieces, 
which could removed with pick. Below that, for further dis- 
ft., rock the same general character continued. The 
rock were mostly small (one layer, several feet thick- 

loose require the use curbing), except near the bottom, where 
blocks were found, some which had broken before 
they could removed from the shaft. Below the larger pieces 
rock came ft. yellow clay mixed with small fragments rock, 
and then came another layer, about the same thickness, very 
loose material, consisting chiefly fragments rock in. diam- 
eter and smaller, with sand and clay, upon the bottom which was 
facing about in. blue clay, the under face which was 
smooth. Next came ins. mixed clay and rock fragments, below 
which bed-rock was found, smooth and without fissures. The total 
thickness the distinctly clay seam was about ins., through which 
line cleavage, indicating the movement plane, was defined clearly. 
The dip the bed-rock was the northeast, and about 4.5. 


4 


Papers.] PHENOMENAL LAND SLIDE. 201 


The depth below the surface was 101.4 ft., equal Elevation 

Only small quantity water collected this shaft any 
time during the progress the work, and time since the exca- 
vation was completed has there been the shaft greater depth 
water than 8.5 ft., with only slight fluctuations between summer 
and winter. 

Shaft No. 6.—The next shaft undertaken was No. located near 
the cable track, alongside Boring No. made 1895, and about 
230 ft. south Shaft No. The elevation the surface the 
ground was (368.5), and the depth the excavation ft. The work 
was begun September 17th and completed September 29th, 
1897. 

For the first ft. the material was mixture clay and frag- 
ments basalt nearly decomposed. Then, for ft., the material 
was found darker color and harder. the fragments 
rock were small, although some pieces measured about cu. ft. 
volume. Next was found ft. small fragments mixed with clay, 
reaching depth ft., which point, Elevation seam 
blue clay, few inches thick, was found, which showed distinct 
line cleavage. The dip the seam was eastward, 3.5. There 
were pebbles within in. the face the seam, above and below. 
The rock below the clay seam was quite soft but, the excavation 
proceeded, rapidly grew harder, until the depth ft. below the 
clay, ft. from the surface, Elevation (318.5), became too hard 
excavate without blasting, and work was discontinued. 

There was some difficulty with the ventilation this shaft, but 
the water caused inconvenience whatever. one point, near the 
bottom, about galls. water accumulated during one night. 
time since the shaft was completed has the water exceeded depth 
9.5 ft., and, during the summer, the shaft practically dry. 

has been stated, this shaft was beside Boring No. the curbing 
for the shaft enclosing the pipe casing. the excavation the 
shaft proceeded, became necessary remove the pipe, which was 
found have been broken near the bottom. Later, the elevation 
this break was found (323.8), 1.3. ft. above the clay stratum 
along which the movement was taking place. the rod measure- 
ments made from the surface, heretofore described, had been 
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determined some months before that the break the pipe and the 
bottom the slide were Elevation (324.5), 0.7 ft. above the 
point where the break actually occurred and ft. above the movement 
seam clay. The measurements the shaft thus furnished good 
check the former work. 

measurements made this shaft, was also determined that 
the rate movement the surface and bed-rock level had been 
practically the same. When Boring No. was made, 1895, the 
drill was broken depth 47.6 ft. After spending some time 
fishing for the broken tool, the work was abandoned the engineers 
were then quite confident that bed-rock had been reached. Later, 
when Shaft No. was excavated, the pipe put casing for Bor- 
ing No. was uncovered, and the foot the pipe was found 
about ft. east the point where the broken drill was still standing. 
This distance, ft., corresponded almost exactly with the eastward 
movement which the surveys showed had taken place the surface 
the ground during the same period. After completing the shaft, 
range line was established crossing from south north; and points 
set both the surface and the bottom the well. ob- 
servations this range line showed that between October 25th, 1897, 
and November 22d, 1899, the total surface movement was 0.49 ft. 
the eastward, while the movement the bottom the shaft was 0.47 
ft. during the same period, difference only 0.02 ft. 

Shaft No. 7.—Shaft No. the roadway, short distance west 
the retaining wall the Reservoir No. and alongside 
Boring The elevation the surface was (311), and the 
depth the shaft 53.5 ft. 

Work was begun September and continued until October 
1897. Work was resumed April 15th, and continued 
intervals until December 25th, 1898. The total depth reached was, 


stated, 53.5 ft., equal Elevation (257.5). make further explora- 


tions the line the slide, two tunnels were run southerly 
direction, one Elevation (287) and the other from the bottom the 
main shaft, Elevation (257.5). the shaft and also the tunnels the 
line the movement seam was uncovered. the first ft. 
from the surface the material consisted chiefly yellow clay contain- 
ing broken rock. Next came seam plastic yellow clay, very 
tough, having southerly inclination about 1.3. The casing 
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Boring No. was found broken Elevation (296.8), within 
ft. the clay seam the west side the shaft. The upper por- 
tion the pipe had moved 0.7 ft. eastward, plainly indicating the 
depth which the movement the slide was taking place. Below 
the yellow clay was ft. blue, sandy clay, which was very hard 
when dry, was the case this shaft, but which, when immersed 
water, would soon dissolve. Below the blue clay came about ft. 
tough, yellow clay, similar that found top the blue clay, and 
having about the same southerly inclination. The depth from the 
surface was ft. Next below, loose rock was found, with small 
quantity clay mixed, into which the shaft was carried 10.5 ft. 
Elevation (257.5). 

The direction the tunnels was nearly parallel with the west line 
the City Park. The upper one, Elevation (287), cut the move- 
ment seam between the red and blue clay 6.4 ft. from the south 
edge the shaft, and entered the reddish clay mixed with loose rock, 
which continued for ft., which point the work was aban- 
doned. the lower tunnel, the movement seam was found 
stratum plastic yellow clay from 1.5 ft. thick, and 52.5 ft. from 
the shaft. This tunnel was continued fora distance ft. The 
material was loose rock mixed with small proportion clay. The 
southerly dip the movement seam passed below the tunnel level, 
and, order develop still further, pit was started below the bot- 
tom point ft. from the shaft. depth 8.7 ft., Elevation 
(248.8), fragments red clay top yellow clay were found having 
smooth faces, indicating the slide, but the flowof water from 
the crevices the loose rock was strong that caused the aban- 
donment the work that depth. The water rose the pit ft. 
hour, but time did reach the tunnel level 

8.—This shaft few feet from the margin the old 
west the cable track, and near the upper end the sewer 
put drain the pool and adjacent ravine. The elevation the 
was (446.4), and the depth the excavation ft. The work was 
begun October 4th and completed October 16th, 1897. The 
tunnel excavation was made between November 12th and December Ist, 
1897. For the first ft. from the surface, the excavation was through 
filled ground, below which came ft. blue clay containing 
liberal mixture fine sand. Next came ft. material the same 
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character, and, addition, water, which flowed the rate galls. 
per hour. places the walls the shaft caved badly, owing the 
quicksandy nature the material; and, until the excavation had 
passed into more stable ground, night crew kept the shaft pumped 
out and the walls dry, prevent caving. Below the depth 
ft. there was difficulty from this source, the material being much 
harder and the walls not easily affected the water, which still 
continued percolate through the ground and into the shaft. 

Between the depths ft. there was found stratum 
tough, dark blue clay mixed with small fragments hard basalt. 
Below the blue clay came 10-ft. layer tough, plastic yellow clay, 
with little rock intermixed. bottom the yellow clay, 
depth 62.7 ft., Elevation (383.7), and just above bed-rock, there 
was found about ins. dark blue clay, not plastic the yellow, 
upon the top which, between the yellow and the blue, the line 
cleavage which indicated the plane the movement could discerned. 
The bed-rock dipped about 4.5 the eastward. 

From the foot the shaft tunnel was started northwest- 
erly direction, for the purpose developing the northern margin 
the sliding land. The material the tunnel proved mostly 
yellow clay, which was quite hard. distance 22.3 ft. the tun- 
nel cut the movement seam, which was nearly vertical. few feet 


further on, large masses rock were found, cemented and appearing 


place, beyond which the excavation was not carried. From 
measurements made the level the tunnel, and the surface, 
the inclination the northern rim the slide this point was found 

During the last part the work the tunnel water collected 
the rate per hour. Within one week after the tunnel was 
completed, the water the shaft had reached depth ft., and, 
later, depth from ft., maintaining that height, with little 
fluctuation, until the final draining the shaft 1900. 

Shaft No. shaft was started but few feet from Boring 
No. near the point where the cable road first touches Kingston 
Avenue and turns the north along that street. The surface eleva- 
tion was (460.8) and the depth 55.5 ft. Work this shaft was begun 
October 19th and completed November 3d, 1897. 

For the first ft. the excavation was yellow sandy earth. Next 
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came ft. blue clay with fine sand, quite quicksandy. Some 
culty was caused the caving the walls the shaft. this 
time the drainage from the sides the shaft was about galls. per 
day. For the next ft. the blue clay was dryer and tougher, with 
less sand, and was difficult handle. Before reaching bed-rock, 
ft. depth, Elevation (408), stratum from ins. plastic 
blue clay was met, which the line cleavage was found within 
the bottom. The movement had been taking place along this 
line. The slope the seam was 2.2 the eastward. Below the 
slide, the surface the rock was decomposed and full seams 
Elevation (405.3), the rock became much harder, and work was sus- 
pended. 

After passing below the slide, the quantity water increased 
rapidly, coming through the fine seams the rock, more coming 
from the southwest than from elsewhere. The quantity removed be- 
fore the shaft excavation was completed averaged more than 400 galls. 
per day. 

Shafts Nos. and surface Shaft No. was Eleva- 
tion (445.8), and its depth was The surface Shaft No. 
was Elevation (442.2), and its depth was 25.5 ft. provide 
adequate system surface drainage for the water-shed King ravine, 
which borders the sliding land the north, the consulting engineer 
recommended the construction culvert extend from the 24-in 
sewer near Reservoir No. westward some point west the cable 
railway, where the subterranean flow, also, could cut off and 
brought the surface, and into the culvert. 

pursuance this plan, Shafts Nos. and were excavated 
the bed this ravine, short distance west Kingston Avenue, for 
the purpose determining the nature the material near the upper 
end the proposed culvert. these excavations was ascertained 
that the bed the ravine, for several hundred feet west the bridge, 
was composed mass loose rock, mostly large size, with gravel 
and sand intermingled and covering the same, through the interstices 
which the water which found its way under the surface quickly dis- 
appeared. outcome these explorations, was necessary 
extend the culvert several hundred feet further west than was in- 


tended originally, reach point where the rock came near 
the surface. 
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Shaft No. Boring No. was completed, December, 
1895, the drill passed through body blue clay, very wet and 
nearly ft. depth, and soon after was found that the inside 
the pipe was filling with The reason for this could not 
ascertained the time, but the action was thought due either 
the casing the fact that the pipe had not been 
driven sufficiently make close joint with bed-rock, thus allow- 
ing the mud and water enter the pipe the bottom. gain fur- 
ther information regarding this deposit quicksandy material, was 
decided sink shaft nearthe boring formerly made. The location 
chosen finally for Shaft No. was just west the cable track, and 
also the claim line, and about ft. southwest from Boring No. 
The depth the shaft was ft., and the surface Elevation (462.9). 
The excavation this shaft was progress from November 5th 
10th, and from December 8th, 1897, when sudden inflow 
water caused suspension the work. 

For ft. below the surface the material consisted the usual 
clayey earth, and then came ft. blue clay similar that found 
Shaft No. which was about 300 ft. the south. Between the 
depths and ft. the material was very soft, water collecting 
the rate galls. per hour. ft. the material changed 
loose rock mixed with clay, which continued for depth ft., 
point ft. below the surface. During some nights 400 galls. 
water collected. The upper surface this stratum loose rock and 
clay dipped the north and east about vertical horizontal. 
Between and ft., below which depth the excavation was not car- 
ried, the material became quite loose, and was shoveled easily. 
consisted chiefly coarse sand and loose rock, in. ins. diam- 
eter. When work was suspended, the evening December 7th, 
the excavation had been carried into this loose material depth 
ft. 

the morning the 8th, water was found standing the shaft 
depth 46.5 ft., within 4.4 ft. the surface the ground. 
Immediately following the inflow, several attempts were made bail 
out the water hand, but all were unsuccessful. One trial hand 
bailing was made between January 10th and 24th, 1898, when the 
removal 000 galls. lowered the water level only Bailing 
having failed, was next determined try the well-boring machine 
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for the purpose ascertaining the depth bed-rock. Work with 
this machine was begun March 9th and completed March 11th, 
1898, and resulted finding hard rock ft. below the bottom the 
shaft already excavated (or ft. below the surface), the drill passing 
through loose rock for the entire ft. The elevation bed-rock 
was (395). 

test still further the volume water the underground reser- 
connected with this shaft, operations were begun October 
17th, 1898, with the steam pumps used formerly Shaft No. and 
pumping was continued with regularity until November 30th. While 
pumping was progress the water level was lowered somewhat, but 
was found that very slight impression was being made upon the 
body water connected with the shaft. The first hour after pumping 
ceased the water the shaft rose ft., and measurements made few 
days later showed that the water level had been lowered 6.1 ft. The 
estimated volume pumped was 546 700 galls. Finding that constant 
pumping for six weeks had lowered the water level only 6.1 ft., less 
than one-seventh the total depth, was decided abandon fur- 
ther attempts drain the shaft such methods. During the fol- 
lowing winter the water stood Elevation (458.9), about ft. below 
the surface the ground. 

Shaft No. 13.—This shaft was begun near the head the slide and 
about 200 ft. south Shaft No. The elevation the surface was 
(531.9). Work was begun December 18th, 1897, and completed 
January 6th, 1898. The depth the shaft was 81.4 ft. 

For the first ft. yellow surface earth was found. Between and 
ft. vertical crack was noticed, having course northeast and 
southwest. Next, ft. blue quicksandy clay was found, followed 
ft. yellow quicksandy clay which water collected the 
rate from galls. perhour. The next stratum was ft. 
yellow clay without sand, below which was one ft. tough red 
clay, hard work. The inflow water was about galls. per hour. 
The stratum red clay was underlaid ft. mixture yellow 

clay and broken stone, some the clay being quite soft. From 
galls. water collected per hour, most coming from points 
within ft. the surface. depth ft. seam the clay 
was discovered, dipping the south, about and 75.5 ft. the 
main slide was uncovered, with yellow clay top from ins. 
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hard blue clay. The slope was 3.5, with slight descent 
the eastward. Below the movement seam loose rock was found, 
which, depth 81.4 ft., was too hard pick, that the work 
was abandoned. The water collected the shaft the rate galls. 
per hour, and during the winter 1898-99, stood depth ft. 

Shaft No. 14.—This the south side the top” 
and about 200 ft. west the cable track Shaft No.9. The surface 
elevation was (506.1), and the depth the excavation Exca- 
vation was begun January and completed February 26th, 
1898. 

Below the surface, stratum yellowish clayey earth, ft. thick, 
was found, followed ft. very tough red clay. Below the red 
elay was found broken rock, decomposed considerably top, but 
growing harder gradually asthe depth increased, and having many 
vertical seams. For depth ft. the fragments rock were 
mostly small, some being cu. ft. volume. Below this was 
stratum harder rock, the blocks being about cu. ft. volume. 
For the next ft. the fragments were smaller, and then came ft. 
very fine rock, mixed with coarse sand. Below this was stratum 
clay, about ins. thick, resting upon bed-rock. The usual line 
cleavage the clay was found this instance within in. bed- 
rock. The slope the bed-rock and movement seam the southeast 
was about ins. 3.5 ft. horizontal. 

After first penetrating the loose rock, water came freely from all 
sides, but the flow was strongest from the south and east. Constant 
pumping was required keep the shaft clear that the work could 
proceed. The pumps were kept manned for two nights order 
finish the work. Pumping was suspended February 26th, and 
hours thereafter the water the shaft was ft. deep. 

Shaft No. 15.—This shaft the bank, about 300 ft. west the 
power-house, and the side Boring No. 16. was first thought 
that Boring No. had reached bed-rock; later, when was noticed 
that bending the pipe occurred while the surface continued 
move, was decided sink this point. The excavation 
was begun February 28th, and completed April 9th, 1898. The 
surface elevation was (347.5), and the depth the excavation 115 ft. 

Next below the surface was found stratum ft. yellowish 
sandy material, followed ft. plastic yellow clay. Next was 
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found ft. tough yellow clay mixed with fragments 
basalt, and below this ft. loose rock honeycombed and with 


small mixture clay, Elevation (272). For the next ft. the material 


was character similar that immediately above, with some vari- 
ation the hardness and size the fragments broken rock. 
Between the depths and 107 ft. there was found stratum fine 
broken rock varying from in. size, and very easily picked. 
From 107 108 ft. the fragments rock were larger, being cu. ins. 
volume, and the rock was very compact and hard pick. From 
108 109 ft. there was some clay, mixed with broken rock. 109 ft., 
Elevation (238), was found seam the clay showing movement, 
thin layer blue clay resting tough red clay. 114 ft., Ele- 
vation (233), bed-rock was found the west side the shaft, with 
slope the northeast was mixed material the 
bed-rock depth ft. The upper ins. was dark blue clay with 
some small stones, while the bottom ins. was plastic clay, lighter 
color. plainly defined line movement, within ins. bed-rock, 
was observed. ft. from the surface was found crevice, ins. 
wide, filled with loose material, and this point water collected at. 
the rate about galls. per hour. ft. the bottom ofthe casing 
for Boring No. was found resting top large boulder, the 
pipe being only about ins. out plumb. Atthis point the material 
was loose, and all water which dripped into the shaft soaked away. 

The material the bottom the shaft, below Elevation (240), was 
water-tight, and, while the last the excavation was being made, the 
water rose the shaft the rate ft. was only after 
bailing and pumping for some days that the flow diminished suffi- 
ciently permit uncovering the bed-rock. 

Shaft No. 16.—The point selected for Shaft No. was opposite 
the south end Reservoir No. and only few feet from the west 
boundary the Park. The surface elevation was and 
depth the shaft was Excavation was begun April 9th, 
and completed May 17th, 1898. 

For ft. from the surface, the excavation was yellowish surface 
clay, small quantity water collecting each night. From 
ft., Elevation (267), the material was fine broken rock, which was 
necessary pick; but was found that the walls the shaft would 
cave unless they were supported. From ft., Elevation (250), 
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seamy rock was found, which could removed with pick. Some 
water entered the shaft from the east. From ft. the excava- 
tion was still rock, and proceeded slowly. From 95.5 96.5 ft. 
fine loose rock was found. Elevation (235), thin stratum 
blue clay was found lying yellow clay, with bed-rock under- 
neath. The bed-rock was honeycombed, but there were seams. 
The slope was 3.5 the east and southeast. During the night 
500 galls. water collected, coming mostly from the northeast. 
There were indications the clay movement seam, but, account 
the water, the usual sample showing the line cleavage could not 
obtained. 

Shaft No. 17.—This shaft was excavated point about 360 ft. 
east from the cable track, and opposite the The excavation 
was begun April 19th and completed May 20th, 1898. The sur- 
face elevation was (407.6). The depth the shaft was 103 ft. Next 
below the surface was found ft. old embankment, and below this 
ft. yellowish, sandy clay. The next stratum was ft. loose 
rock mixed with clay, below which was stratum ft. quite 
solid rock. Below this, from 32.5 ft., was found stratum 
small rock, from in. ins. diameter, mixed with yellow clay 
about equal proportions. The elevation the base this stratum 
was 101 ft., Elevation (307), large blocks stone, 
ft. diameter, were found, with little clay. From 101 
102.3 ft., was found layer small fragments rock in. ins. 
diameter. Between 102.3 and 103 ft., Elevation (304.6), stratum 
yellow clay blue clay, resting bed-rock was found. The 
slope was about the northeast. The movement seam was 
found between the yellow and the small quantity 
water entered the shaft from the southwest. 

Shaft No. 18.—Excavation for this shaft was begun the face 
the bank 210 ft. west the west side Reservoir No. and opposite 
the point greatest movement the parapet walls. The surface 
elevation was (318), and the depth the excavation 115.5 ft. Work 
was begun May 18th, and the shaft and the tunnel connected with 
were completed December 16th, 1898. The following materials 
were found: From Elevation (303), yellow, sandy clay; 
from ft., Elevation (280), very hard sand; from ft., 
Elevation (238), loose rock, small fragments, mixed with small 
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quantity clay. About midway this mass there was 2-ft. 
stratum loose rock, in. ins. diameter, without clay, where 
the walls the shaft tended crumble and slide. depth 
about Elevation (238), the excavation entered dark yellow 
reddish clay mixed with small fragments rock. 

Movement seams, red clay, were found 86.5 ft., Elevation 
(231), the west, and 87.5 ft., Elevation (230), the east, side 
the shaft. 

ft., Elevation (223), the excavation was still plastic red 
clay, when, June 7th, 1898, fragment clay, having smooth 
face, was loosened the bottom the shaft, and water flowed 
the cavity with considerable force, rising the shaft height 
ft. minutes, that suspension work was necessary. After 
several ineffectual attempts lowerthe water hand bailing, asteam 
pump was set up, and, August 22d, the flow had diminished 
such extent admit deepening the shaft (through loose ma- 
terial, coarse sand, and stones ins. diameter and less), Eleva- 
tion (214). August 22d, 1898, pumping was suspended. The total 
volume water removed from the shaft then amounted more than 
655 000 galls. 

Later the season, was decided run branch from the old 
drainage tunnel behind Reservoir No. Shaft No. 18, draw off the 
water which continued collect that point. This branch was 
started from the old tunnel bed clay,” and, 42.5 ft., 
passed into loose rock faced with about yellow clay, the line 
movement showing between the blue and yellow clay. The dip 
the east When within ft. Shaft No. 18, the flow 
water was the rate galls. per minute, but did not continue 
long that rate. After reaching and draining the shaft, the excava- 
tion was deepened below the floor the tunnel, Elevation (202), 
when the work was suspended. The material continued seamy 
rock, through which water flowed freely, coming from the west. The 
total length the branch tunnel excavated was 131 

Shaft No. 19.—The point selected for this shaft was ft. west 
the west end Dam No. The surface elevation was (292.5). The 
excavation was begun June 8th and completed July 30th, 1898. 
The depth the shaft was 60.5 ft. From the surface depth 
ft., Elevation (292.5), the upper portion the stratum was loose rock 


| 
| 
| 
4 
4 
4 
} 


212 PHENOMENAL LAND SLIDE. 


with which some clay was mixed, the pieces rock the lower por- 
tion being from in. ins. diameter, and quite compact, without 
admixture clay. Elevation (245) the shaft intersected the bot- 
tom the drainage tunnel excavated 1895 along the western margin 
Reservoir No. The sewer pipe was found have been cracked. 
From ft., Elevation (232.5), the material was chiefly rock, 
(some fragments containing cu. ft.), with little clay, and was 
difficult excavate. 

ft., Elevation (231.5), there was strong flow water from 
the southwest. Here the material changed from seamy rock, very 
compact, with little clay, and became quite loose. The thickness 
the loose material was about ft. Smooth faces fragment clay 
which was removed indicated the movement seam Elevation (231). 

Between June 20th and July 1898, more than 390 000 galls. 
were bailed from this shaft, and, later, the excavation was 
deepened Elevation (223). The rock the bottom appeared 
place, but was full seams. 

Shaft No. 20.—This shaft was intended simply opening into 
old drainage tunnel, built 1894 drain the ravine north 
Reservoir No. The work opening the shaft and cleaning out the 
tunnel was begun June 30th and completed August 24th, 1898. 
end the old tunnel was reached point 234 ft. from the north 
end Reservoir No. the season, work was resumed this 
point, and extension the tunnel was begun which was carried, 
finally, the western margin the city property, total distance 
304 ft. from the reservoir. This work was completed February 
23d, 1899. 

Shaft No. 21.—The excavation for this shaft was made the bottom 
Reservoir No. opposite the foot the buttress wall the west 
slope. The elevation the surface the concrete lining was (259.1). 
The depth the excavation was ft. Excavation was begun De- 
cember 23d, 1898, and completed January 6th, 1899. Bed-rock was 
found depth ft., Elevation (201). The surface the rock 
was very hard and uneven, without seams. 

For the entire depth, the material was blue, sandy clay, very hard 
and dry. water was found. 

Between depths and ft., Elevation (218), several small 
sticks wood were found, and among the sticks the fossil tooth 
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mentioned previously. ft., Elevation (209), there was found 
small quantity washed gravel. 

Shaft No. 22.—This shaft opposite the buttress, and about 100 ft. 
west Reservoir No. The surface elevation was (305.2), and the 
depth 57.2 ft. The excavation was begun January 7th and com- 
pleted January 24th, 1899. For the first ft. from the surface 
the material was chiefly yellowish sandy clay, full seams. From 
ft., Elevation (250), loose rock mixed with clay was found, 
followed ft. fine broken rock, Elevation (249), lying top 
the clay movement seam which was about ins. thick. The eleva- 
tion was (249) the south and (248) the north side the 
Below the plane the movement there was in. yellow clay. “The 
total depth the shaft was 57.2 ft. But little water was found. 

Excavation West the Power undue pressure 
against the west wall the power-house having appeared, was de- 
cided excavate trench parallel with the building and extending out 
from the foundation for few feet. 

Work this trench was completed June 15th, 1898, the rock 
having been uncovered Elevation (224.4). Just above the rock, 
blue clay was found, showing line cleavage, though movement 
had taken place that point, had been suspected. The foundation 
the power-house extended the line the slide and was im- 
movable, although the earth adjacent the wall was compacted very 
firmly. 

Trench West Dam No. and North Shaft No. 19.—On October 
1898, the excavation the trench near the west end Dam No. was 
completed. This trench ft. long, ft. wide and ft. deep, and 
was dug opposite large crack the parapet wall. The material was 
found broken rock mixed with clay, the quantity clay 
diminishing toward the bottom. The mass appeared have been 
broken and deranged the pressure which had been subjected, 
secondary slip line movement was found. 

second trench, few feet further north, and excavated few 
days later, did not indicate any change the material. 

addition the foregoing, between February April 12th, 
1898, eight 3-in. borings were made various points the sliding 
ground, ranging depth from 121 ft., and aggregating total 
depth 655 ft., 677 ft. including the work done the bottom 

Shaft No. 11. The contract price per foot for these holes was $0.60 
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earth and $1.25 rock, the actual cost the necessary casing, 
paid for extra price, and, addition, wood and water for the 
engine was furnished the contractor without charge. Thetotal 
cost the work amounted approximately, $1.13 per 
linear foot. 


When Surface Depth 
No. boring. When begun. completed. elevation. 
1895. 1895. 
Oct. 15 (237.3) 72.0 
Oct. 80 6 (383.6) 106.8 
1896. 1896. 
Feb. 4 Feb. 7 (311.7) 43.5 
Total, from September 27th, 1895, March 31st, 1896............. 


1895 1896. 


Extra labor 
Contract Material 

Date. account, Total. 

1895. 
592.40 5.00 50.00 647.40 


Cost the Work: Linear feet borings, 710; average cost per 
linear foot, $1.68. 
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begun. completed. elevation. 


1898, 

Feb. 80.0 
Mar. 75.5 
Feb, (480.2) 
(425.5) 111.8 
Mar. (403.0) 75.5 
(368.2 51.0 
Apl. (407.8 
42.0 


Total, from February 1898, March 11th, 
« ‘ 


The explorations required determine the depth bed-rock, 
and the character the overlying materials, described the fore- 
going pages, were completed early 1899. While the excavation 
the shafts was progress, observations the water levels various 
shafts and borings were taken frequent intervals, the hope 
finding some correspondence such levels, but, with one two 
exceptions, indications were discovered showing any connection 
between the underground waters the several shafts. 

The results the shaft and tunnel excavations, the measurement 
water levels and the rate movement from month month, were 


communicated the consulting engineer rapidly the data were 
gathered. 


1898. 
Contract ac- Extra labor account. 
Date. count. Total. 
$40.00 
40.00 405 .00 
20.00 91.77 


Cost the Work: Linear feet borings, 667; average cost per linear 
foot, $1.18. 


: 
Depth 
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April 
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THE YEARS 1897, 1898 1899. 


| 
| 
| 


Sur- Bed- 


When face rock 


tion. tion. 


tun- 
feet. 


Depth shaft, 
feet. 


Depth slide, 
feet. 


Len 


1897 1897 (580.5) (457.5) 

1897 21, 1897 (879.6) (278.2) 


1897 28, 1898 (311.0) 


1897 16, 1897 


1897 1897 (462.9) 67.9 


1897 27, 1897 

..-| Dec. 18, 1897 | J 6. 1898 

Jan, 1898 Feb. 26, 1898 

Feb. 1898 April 1898 

20, 1898 

May 16, 1898 

June 1898 80, 1898 

80, 1898 1899 

Jan. 1899 24, 1899 
Trench 


15, 1898 
Trench 
Dam No. 


Average depth slide, 
Not included average depth slide. 


Summarizing, general way, the results the surveys and 
examinations, then completed, may said that, after careful 
study all the facts collated, the following conclusions were reached 

(1) The approximate length the sliding ground was 700 ft. 

(2) The approximate width the sliding ground along the west 
margin reservoirs was 100 ft. 

(3) The approximate width the sliding ground its west end 
was 400 ft. 

(4) The approximate surface area the sliding ground was 29.27 
acres. 


ie 
1-70 
ft. 
(223.0) 115.5 131 
q 
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(5) The approximate bed-rock area the sliding ground was 23.65 
acres. 

(6) The approximate area the water-shed, which includes the 
western end the sliding tract, was 26.46 acres. 

(7) The minimum depth the body the slide (Shaft No. was 


ft. 
(8) The maximum depth the body the slide (Shaft No. was 
112 ft. 
(9) The average depth the slide sixteen shafts the main 
body the slide was 77.8 ft. 
(10) The approximate volume the sliding mass was 400 000 
cu. yds. 


(11) The approximate weight the sliding mass was 600 000 tons. 


TABLE No. Account SHAFTS AND TUNNELS, 
1897, 1898 anp 1899. 


Date. Labor. Pumping. Materials. Total cost. 


16.75 64.68 429.53 
821.10 62.50 445.15 
48.75 
899.15 183.90 630.55 
65.00 552.45 


Estimate work done: 
Shaft excavation. ft. 
Tunnel excavation: 454 lin ft., equivalent 


Total estimated shaft excavation........2405 
Laborers’ wages were $1.75 per day hours. 


ai 
q 


218 PHENOMENAL LAND SLIDE, [Papers. 


(12) With each returning dry season there was marked lessening 
the movement, followed increase during the winter, indicat- 
ing intimate relation between the volume monthly rainfall and 
the rate movement, shown Table No. prepared January, 
1899, and covering the surveys completed that date. 


TABLE No. 


MOVEMENT, Average maxi- 


Total 
inches. month, feet. 


Minimum. Maximum. 


Dec., May, 1896, 27.58 


1.09 1.30 0.22 

June, 1896, Nov., 1896, 18.08 0.25 0.45 0.08 
Dec., 1896, May, 1897, 21.74 0.71 0.15 
June, 1897, Nov., 1897, 0.14 0.02 
Dec., May, 1898, 0.05 0.15 0.08. 
0.00 0.08 0.01 


June, 1898, Nov., 1898, 13.12 


The readings are the minimum and maximum average movement different 
points along the center the slide, between Reservoir No. and the round top.” 


The figures denoting the rainfall have been compiled from the 
reports the United States Weather Bureau. The observations were 
taken the Weather Bureau office, the City Portland, miles 
distant from the sliding land tract. Elevation may also 
stated that the six-month period following the last one givenin the 
table showed very marked increase the rate the movement. 

(13) The surveys thus far made not determine that the move- 
ment uniform rate the center and along the sides the 
sliding ground, but probably there little difference. 

(14) Apparently, the movement the surface and the bed-rock 
are uniform. 

(15) Apparently, there slight southerly movement taking place 
near the west end the slide movement well 
the central portion, the bed-rock being slightly inclined these 
directions well the eastward. 


The inclination the bed-rock different points the slide 
shown Table No. 


(16) The uniformity the movement the slide indicated 


the absence surface cracks across the central portions the slid- 
ing tract. 
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TABLE No. ELEVATIONS AND SLOPES. 


Differ- Direction 

shaft. bed-rock shafts, 

feet. feet. bed-rock. 


(Tunnel 

(328) 510 6.0 


(17) That the movement originated the unstable mass near the 
western end the sliding ground indicated the condition 
the joints the rails the cable road where running east and west. 
When first examined, September, 1895, these joints were all tightly 
closed. The rails were also distorted the angle just east Shaft 
No. shown Fig. Plate VI. These conditions seem point 
the conclusion that the pressure was mainly from above and that 
there had been drawing away the foot the slope the reser- 
voirs; or, other words, that the movement did not originate the 
reservoirs. 

(18) The breaks the lining Reservoirs Nos. and and also 
the buttress built against the lining Reservoir No. have been 
caused the movement the slide, and are not due local slips, 
first supposed. 

(19) From the shaft excavations, the character the materials 
forming the mass the slide has been determined largely 
broken rock small size mixed with clay. Across the central por- 
tion the slide, the vicinity Shaft the clay and fine 


No. 
shaft. 
(458) 
| 
the 
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material predominate, forming dike measurably impervious 
water. Eastward from that point, the material contains less clay and 
does not hold large quantity water. 

the west Shaft No. and also near the head the slide, the 
excavations developed some points quite body clay. Between 
Shafts Nos. and 11, and still further west, water pockets con- 
siderable magnitude have been found. From the pocket connec- 
tion with Shaft No. more than 900 000 galls. water were pumped 
before the supply was exhausted; and, from the one connected with 
Shaft No. 11, about galls. were pumped before work was 
abandoned that point, this effort having lowered the water but 
few feet. 

(20) there seemed direct connection between 
the different bodies underground water, between the several 
shafts and borings. 

(21) The several bodies water discovered were all close con- 
tact with the clay stratum forming the bed theslide, and, undoubt- 
edly, have had much with the continuance the movement. 
This shown the decrease the movement which occurred be- 
tween December, 1897, and November, 1898, during which period 
the underground reservoir connected with Shaft No. was drained 
pumping. Fig. 4is showing the elevation the water 
standing the 

(22) Comparing the rate movement the slide different sea- 
sons the year with the volume the rainfall during the same 
period, and noting also that greatly reduced motion ensued during 
the time that the drainage Shaft No. was progress, succeeded 
increased movement during the following winter when the 
shaft was again filled, seems reasonable conclude that the move- 
ment was largely not entirely due the presence water the 
underground reservoirs. follows naturally, therefore, that the per- 
manent removal underground waters would produce permanent 
cessation the movement. 

The conclusions the consulting engineer were practically 
accord with the foregoing statements. His report also contained in- 
teresting references the probable origin the slide, well 


recommendations regarding the best method overcoming the diffi- 
culty. 
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Before proceeding discuss the remedy proposed the con- 
sulting engineer, and the action taken subsequently connection 
therewith, mention should made matter which one time 
overshadowed all other interests completely, threatening did 
enormous property loss the city. 

During the latter part the year 1897, after became known that 
the Water Committee had entered upon examination the sliding- 
land question with the view determining the best method restora- 
tion, the owners about five-sixths the moving ground instituted 
suit against the city for damages their property. They claimed 
that the excavation the reservoirs, the autumn 1893 and 
the spring and summer 1894, was the cause the movement, and 
consequence this movement their property had been damaged 
amount aggregating $439 000. 

Two these suits were filed within few months each other. 
The first was filed February 16th, 1898, the King Real Estate 
Association, claiming damages land, $169 000, and for injury the 
cable railway which they were interested, $100 000, making total 
$269 000. The second suit was begun May 2d, 1898, 
Grover al. who claimed damages 22.5 acres land, 000 
per acre, $110 000, and for damages the cable railway which 
they were interested, $60 000, making total $170 000. 

The value these tracts land, given the assessment roll 
for the year 1897, was follows: 


King Real Estate Association, acres......... $33 000 
Grover al. West End Addition, acres...... 100 
Grover al. West End Addition, ...... 000 


Total assessed valuation............... $84 100 


The claim made the plaintiffs these suits, that the excava- 
tion the reservoirs was the primary cause the movement the 
adjacent hillside, was not regarded the Water Committee tenable, 
and was contested strongly. The suits were fought the city 
attorney every stage. consequence these dilatory proceed- 
ings, the issues were not fully made and the trial begun until 
November 7th, 1899. 

The report the consulting engineer had been submitted the 
Water Committee during the preceding March, but had been with- 
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held from publication, account the damage suits which had been 
instituted, and order not appear prejudge the case advance 
the trial. was also desired that the conclusions the report 
should presented first the form testimony for the defense 
upon the trial then prospect. 

During the year 1899, the time the engineers was largely en- 
grossed the study the sliding-land data already gathered, and 
preparing maps, plans, profiles and exhibits various kinds for use 
the coming trial, illustrate some new phase the problem 
hand. 

The trial, which was begun November 7th, 1899, was exceed- 
ing interest, and importance, well, both account the novelty 
the conditions leading its inception and the magnitude the 
pecuniary interests involved. The case was studied closely the city 
attorney, who was early impressed the fact that the cable road had 
been successful operation for nearly year prior the beginning 
reservoir construction, and, far then known, there had been 
difficulty its operation. This was regarded strong point for 
the plaintiff, and indicating that the reservoir excavation was the 
originating cause the movement. 

The investigations made the engineers seemed point con- 
clusively the fact that the movement the slide must have been 
progress for some years, least intermittently, but was impos- 
sible determine when the movement began. Owing the fact that 
the hillside was covered originally with dense forest firs and 
cedars, with smaller growth vine, maple and alder, which 
had been cleared but short time prior the construction the 
cable road, would have been exceedingly difficult not impossible 
determine the existence any movement from simple inspection 
the ground, especially when the monthly yearly change was 
tion the difficulties attending such observations, may said 
that when reservoir construction was begun, the banks the ravine 
which the reservoirs are located were covered with fallen timber 
and dense brush, and the upper western third the sliding tract 
is, this day, covered with brush, which, during the summer months, 
effectually shields the ground from observation, making imperative 
the use instruments order gain even approximate measure- 
ment any movement which may taking place. 


| 


224 PHENOMENAL LAND SLIDE. [Papers. 


When the facts supporting the theory ‘‘an ancient slide” were 
placed the hands the city attorney, once began campaign 
investigation and search determine the location the men em- 
ployed surveying, building and operating the cable road during 
the two years that elapsed between the time that the work was begun 
and the final abandonment the enterprise. The search continued 
for months, and, when the day trial came, the mass testimony 
which had been accumulated (all tending substantiate the claim 
that the movement the hillside was progress when the cable road 
was completed, year prior the commencement reservoir con- 
struction), must have been surprise the plaintiffs. many wit- 
nesses were offered testify movement the cable track 
certain points that the Court declined hear them all, considering 
that fact established beyond question. The witnesses who testified 
these points included the contractor who built the line, and the in- 
spector and car men who operated the road after was built, all 
whom testified the difficulties experienced maintaining bridge 
bents vertical position the east and west line, and the align- 
ment the cable conduit and rails where they crossed the slide 
from north south. The contractor also recounted some his ex- 
periences forcing the track back into line, admit cars 
passing safety, and insure its acceptance the company. 

The engineers engaged expert witnesses for the city formulated 
the theory ofan ‘‘ancient slide” and showed the depth and character 
the material forming the mass the slide, well inclination 
the bed-rock and the presence stratum plastic clay, with 
abundance water stored the interstices the rock immediate 
connection therewith, all supported the data which reference 
has been made herein. They were also fortified number plans 
and prepared especially for use the trial, which 
may interesting refer briefly. 

The principal one these exhibits, and many respects the most 
valuable all, was plaster-of-paris model the reservoirs and the 
sliding ground, including also the water-shed surrounding the head 
the ‘‘slide,” made scale 1:600, which was prepared the 
Water Committee’s engineers. This model showed the original ravines 


which the reservoirs are located and the volume the material re- 


moved excavating the reservoir basins, well the location and 
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depth the ravines which were filled the property owners, with- 
out adequate under drainage. The mass the slide was also cast 
separate block which could easily removed show the 
depth the slide and the inclination the bed-rock which the 
movement was then taking place. From this was shown the 
relative insignificance the volume the material removed 
vating the reservoir basins, which amounted only about the 
mass the slide, and the improbability that the removal this small 
volume could have caused movement the slide the magnitude 
known exist. 

Another interesting exhibit used upon the trial was diagram 
showing comparison the volume the rainfall and the move- 
ment the slide for corresponding months, from January, 1895, the 
date the trial. This diagram has since been extended 
cover the entire period during which the surveys have been continued. 
This diagram shown Plate XII. 

The measurement rainfall was taken from the reports the 
United States Weather Bureau Portland. noted that 
while the amount precipitation extremely large for some months, 
notably 13.12 ins. for November, 1896, the average for any one season 
rarely exceeds ins. 

The movement, recorded the diagram, the average 
fourteen points observed intervals along the central portion the 
sliding ground, where the maximum movement was supposed have 
taken place, from September, 1895, December, 1899. Since the 
latter date the average large number points has been taken, 
two hundred and sixty points having been established and observed 
regularly. The average the readings fifty-one these points, 
along central belt 100 ft. wide, has been used plotting the dia- 
gram movement for 1900-1903. Merely casual and com- 
parison will serve show the apparently close relation which exists: 
between the volume the rainfall during what may called the wet. 
and dry seasons the year—say, from December May, 
for the former, and from June November, inclusive, for the latter 
—and the movement the slide during the same period. will 
seen from the diagram that with each recurring dry season there was 
corresponding cessation the movement, and that with the be- 
ginning the winter rains the movement increased. 
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noted, also, that, each instance, interval about one month 
elapsed between change the volume and the corre- 
sponding change the rate movement. 

inspection the diagram will show once one irregularity 
the yearly movement, namely, marked increase the monthly 
movement during the winter months followed usually corre- 
sponding diminution with the return dry weather. The expla- 
nation this irregularity the movement, which occurred during 
the years 1897 and 1898, forms one the most interesting the 
developments which have occurred since the study this problem 
was begun. 

will recalled that while the excavation Shaft No. was 
progress considerable water was found, the draining which was 
accomplished deep-well pumps. The draining this well was 
progress from August 19th, 1897, until January 1898, the total 
volume water removed during that period being more than 
900 000 galls. then, the underground reservoir had not been 
drained thoroughly, for, when pumping ceased, the water rose the 
shaft height several feet. 

observing the diagram will noted that when pumping 
from this shaft was progress, the movement not increase 
rapidly during the winter months had during former seasons, 
although there was slight increase from August February when 
the maximum for that year was reached. The movement for February, 
1898, was only 0.30 in., compared with 2.69 ins. for February, 1897, 
and 0.85 in. for February, 1899. Perhaps this irregularity can 
shown best comparing the total movement for the entire season 
preceding with the total movement for the season following the drain- 
age operations. From May, 1896, May, 1897, the total movement 
was 13.10 ins. From May, 1897, May, 1898, during portion 
which period pumping was progress, the total movement amounted 
only 1.57 ins.; and this was followed increase 3.69 ins. 
during the year beginning May, 1898, and ending May, 1899. 

probable that the decreased movement noted during the year 
1898 was due part the pumping water from Shaft No. 18, 
July and August, amounting 650 000 galls., and from Shaft No. 11, 
October and November, amounting 540 000 galls., but be- 
lieved have been due principally the thorough drainage the 
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underground reservoir connected with Shaft No. has been 
stated, the drainage this body water was practically completed 
January, 1898, pumping having been suspended the 31st that 
month, and the water was thereafter allowed accumulate, the rise 
the shaft indicating the rate which the reservoir was being filled. 
This rate was noted carefully, and was observed. that the under- 
ground reservoir was not filled its original height until the end 
December that year. 

During the period when this underground reservoir was being 
drained, and for some months thereafter, the movement was 
greatly diminished rate. When the underground reservoir was again 
filled the rate movement began increase was more than 
double that the preceding year, and this uniformity rise and fall 
was continued for the two seasons following. 

was this seeming coincidence the cessation the movement 
with the draining the underground reservoir Shaft No. which 
first changed conviction into certainty that the cause the slide was 
found the underground water stored various portions the 
sliding ground, and hence followed that remedy for the difficulty 
was inaugurate thorough system drainage. 

This diagram was one the most important and convincing 
introduced the Water Committee defending the suit, 
showed, clearly, that the movement depended more, and chiefly, 
upon the volume water falling upon the surface and stored 
underground reservoirs the interstices the broken rock forming 
large portion the mass the slide, than upon the removal 
small fragment earth from the toe the slope. addition the 
foregoing, number cross-sections the sliding ground, and tables 
showing the results surveys, etc., were introduced the trial. The 
cross-sections are shown Plate IX. 

The trial the damage suit the King Real Estate Association, 
the first one instituted, was begun November 9th, and was 
terminated November 28th, 1899, verdict favor the city. 

The expert witnesses who testified for the plaintiff were Arthur 
Adams, Am. Soc. E.; Franklin Riffle, Am. Soc. E., and 
Crondahl, Those who testified for the city were Col. 
Mendell, Am. Soc. E., Consulting Engineer (since deceased); 
George Dillman, Am. Soc. Fuller, Am. E., 
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and Hurlbut, The testimony these witnesses was 
exceedingly interesting character, but special reference this 
time omitted purposely, the hope that some these gentlemen 
will participate the discussion this paper, giving the results 
their investigations and conclusions. 

result this verdict the second suit was not pressed for trial, 
although attempt was made the city have set for early 
date. few weeks, however, the several owners the sliding land 
made overtures the Water Committee sell the city large 
tract, nearly acres, including the sliding land and surrounding 
water-shed, for sum which was regarded reasonable, and the pur- 
-chase this land was completed few months later. Thus the Water 
Committee acquired control all the lands adjacent the reservoirs, 
and sloping thereto, and hence will able eliminate all danger 
-complications which might arise through occupation the premises 
private owners. This tract, ultimately, will added the 
present City Park, which adjoins, making area more than 100 
acres available for park purposes. 

The purchase the sliding-land tract the city was concluded 
May, 1900, the terms arranged with the property owners including 
for the construction 24-in. sewer convey the surface 
drainage from the upper portion the King ravine water-shed into 
the Washington Street sewer, north the reservoirs, this sewer 
completed prior October 1901. The drainage from this 
ravine, originally, was provided for 24-in. sewer which passed 
near the north end Reservoir No. and thence through the Park 
the main sewer Washington Street. The new sewer was proposed 
additional safeguard. 

During June, 1900, the writer presented the Water Committee 
statement the work then accomplished and the reasons for believing 
that the slide could stopped a'thorough system under-drain- 

along bed-rock, recommended the consulting engineer and 
supported the testimony the engineers engaged expert wit- 
nesses upon the trial the King damage suit, behalf the plain- 
tiff well the defendant, and requested authority undertake the 
immediate construction the drainage tunnels question. This re- 
port was accompanied map showing the main drainage tunnels 
The plan proposed the consulting engineer called for 
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the construction the main tunnel leading west from Reservoir No. 
the line the old cable track Kingston Avenue, and left the 
question branches, the further extension the main tunnel, 
determined the work progressed. Upon this presentation, the 
writer was directed the Water Committee begin the work 
tunnel once. All preliminary arrangements were soon 
made, and the work excavation for the drainage tunnels was begun 
July 2d, 1900. 

The size the tunnel was fixed the smallest dimensions that 
would conveniently answer, the inside dimensions being ft. ins. 
wide top, ft. ins. wide the bottom, with clear height ft. 
ins. The timbers used were 8-in. spaced 3-ft. centers, with 
lagging. The required excavation approximated 1.25 cu. yds. 
per linear foot tunnel. (See Fig. 5.) 

The plan adopted for the prosecution the work called for the 
commencement the excavation the lower end the tunnel the 
bottom Reservoir No. and also one more the exploration 
shafts which had been opened bed-rock two years before, the line 
adopted main tunnel passing through Shafts Nos. 18, and 
Shaft No. the cable road. These shafts were made ft. ins, 
square, the clear. expedite the work these shafts, small 
hoist was constructed operated steam engine, similar 
those use builders. This hoist, necessarily, was rather dimin- 
utive size, the platform being only ins. wide the clear between 
the side timbers, and about ins. long. Several small dump 
such size could carried safely upon the platform the hoist, 
were made, the capacity the box being cu. ft. The gauge 
the track was The wheels were ins. indiameter. These cars 
were run strap-iron track laid 4-in. stringers the floor 
the tunnel, and, when filled, were pushed hand the foot the 
shaft and thence hoisted the surface and dumped. most cases 
the grade the tunnel was sufficient take the car from the heading 
the shaft gravity, the empty cars being pushed back hand. 
This arrangement proved quite effective and economical. 

expedite the work, day and night crews were employed, for 
time, two different headings, until the tunnel had been completed 
far Shaft No. From that point only one heading was worked, 
although day and night crews were employed, each working aten-hour 
shift. 
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Comparatively little water was encountered during the early stages 
the work, and was not until October 30th, when the tunnel 
reached the vicinity Shaft No. distance 890 ft. from Reser- 
voir No. that water was found any considerable quantity. 
this point, the water stored Shaft No. then standing depth 
ft., was drained away. few days later the tunnel was carried 
the foot the shaft, 912 ft. from Reservoir No. and connection 
was made with the water-bearing stratum from which the shaft had 
been supplied. For number hours the discharge water from 
this source was strong that overflowed the box gutters prepared 
for it, and caused the suspension all work. The flow diminished 
somewhat within hour two, was estimated that approxi- 
mately were drained away within the next twenty 
days, which time the flow had diminished about 000 galls. 
per day. 

About the middle January, 1901, the tunnel excavation had 
reached Shaft No. 11, 1175 ft. from Reservoir No. The water 
standing this shaft was drained away safely, but the flow from the 
loose material surrounding the shaft continued the rate 165 000 
galls. per day for number days. Before reaching this shaft, the 
tunnel passed through wall light-colored clay, some ft. 
thickness, and dense and compact that very slow progress could 
made with the excavation. Only fragment could removed 
the point pick, and times wedges were used break out 
blocks the material. 

The finding this wall compact material the eastward 
this shaft was confirmatory the diagnosis the consulting engi- 
neer, for, apparently, this wall dike clay was holding back the 
water the underground reservoir exactly the same manner was 
done the body clay found the eastward Shaft No.1. 


both instances the body clay was compact practically 
impermeable water. 


The flow water from the underground reservoir Shaft No. 
proved strong that interfered with the continuance the 
tunnel work that point, and, accordingly, the tunnel party was 
moved back Shaft No. from which point branch tunnel was 
started northwest direction toward Shaft No. This tunnel was 
begun January, 1901, and March 29th was completed Shaft 
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No. distance 427 ft. quantities water were found 
small quantity had accumulated Shaft No. and 
the short tunnel connected therewith. 

Work the main tunnel, Shaft No. 11, was resumed April, 
the water stored the interstices the rock having drained away 
that time, admit the continuation the tunnel excavation 
with some degree comfort. The flow, however, continued for some 
time the rate from 000 000 galls. per day. 

Instead running west from this point, the course laid down 
originally, was decided deflect the tunnel the southwest 
reach the southern limit the slide, thus, with the northern 
branch, covering the entire width the sliding ground and serving 
cut off any and all bed-rock drainage from 

The southern rim the slide was reached June 14th, 1901, the 
tunnel excavation having passed beyond the limit the water-bear- 
ing material and into dry clay. The line the movement the 
margin the slide was defined plainly between two masses yellow 
clay, the marginal slope being 1.2 vertical horizontal, from the 
tunnel level the surface the ground. 


BER, FOR MATERIALS AND 
SURVEYS AND SUPERINTENDENCE. 


Linear feet con- Average cost per 
Date. structed. Total cost. 
1900. 
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When the excavation had reached this point, the Committee de- 
cided continue the tunnel the extreme western end the slide 
order insure the drainage all large water deposits. This 
western extension the tunnel was begun June, 1901, and, passing 
through Shafts Nos. and 13, was completed September 11th, 
Shaft No. near the extreme western end the sliding tract. The 
force was then disbanded. The total length drainage tunnel com- 
pleted during the fourteen months that the work was progress was 
507 lin. ft., costing, for material and labor, $14 161. 

The wages paid were: Outside laborers, per day hours; 
tunnel men, $2.25 and per day. 

The main characteristics the material encountered the tun- 
nel are shown upon the profile the tunnel line, Plate but 
the following details may interest 

When the drainage tunnel was commenced, the initial point was 
established the lowest point the reservoir bottom, opposite the 
gate-house, from which point 12-in. drain pipe, laid during 
original construction, connected with the main 
made 1895-96, had developed the fact that most the reservoir 
bottom was either upon within few feet bed-rock, while few 
feet west the bottom, and immediately underneath the west slope, 
was found bed clay which extended from ft. below the 
reservoir bottom. Apparently, this depression the bed-rock had 
been the ancient bed the creek which had been filled the slide, 
thus causing the creek form anew bed further east and upona 
higher level. was expected for the first 100 ft., the 
tunnel would this clay bed and quite distance above the bed- 
rock, and was not known but that secondary lines movement 
might found low the bottom reservoir this did not 
prove the case. For the first few feet ridge loose rock, ft. 
high, was encountered, and after passing this loose rock dike only 
clay was found until the bed-rock was struck its upward slope, 
about 200 ft. from the mouth thetunnel. For the 
first ft. the tunnel grade rose ft., and from that point the slope 
was uniform the bottom Shaft No. 18, where bed-rock had 
already been uncovered. While passing through this mass clay 
cracks which gave the slightest indication any movement 
the level the tunnel were found. 
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distance 164 ft. from the reservoir, the new tunnel passed 
under the short tunnel built 1894 the rear the concrete retain- 
ing wall. was this old tunnel that old tree stump log 
wood, state preservation, was found, approximate 
depth ft. below the original surface the ground. 

The sewer, for the conveyance the surface water from the water- 
shed King ravine into the Washington Street sewer, which refer- 
ence has already been made, consisted 602 ft. 24-in. terra cotta 
pipe and 148 ft. 14-in. cast-iron pipe, total length Its 
construction was begun July and completed early November, 
1901, and cost, for materials and labor, 123. 

has been stated, the drainage tunnels were completed Sep- 
tember, 1901, and since that date the only work connection with 
the reservoirs has been make frequent surveys the lines estab- 
lished determine the rate the movement, and also measure 
the flow water from the tunnels. 

The range lines established 1895, when the limits the slide 
had not been defined closely, were observed regularly until Decem- 
ber, 1899. that time was decided establish new series 
lines covering the ground more thoroughly than had been done here- 
tofore. pursuance this plan range lines were marked out, cross- 
ing the sliding-land tract from north south, intervals 100 ft. 
for the entire distance between the reservoirs and the apex the 
slide. (See Fig. 6.) Points for observation were established along 
these lines intervals ft., making total two hundred and 
sixty points known stand upon ground which had been moving. 
These points were marked section 1}-in. iron pipe about 
ins. long, driven flush with the surface the ground, the top 
the pipe being filled with lead which tack was driven. Surveys 
these range lines have been made frequent intervals since they 
were established, and the results these surveys have been tabulated 
and plotted upon Plate XII, showing the comparison between the 
rainfall and the movement the slide. 

further explanation this diagram may said that the 
monthly movement during the years 1895 1899, inclusive, has been 
computed from the average readings taken fourteen points estab- 
lished along seven the original range lines, situated within the 
limits central belt, 200 ft. wide, extending from the north end 
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Reservoir No. the center the top,” west Kingston 
Avenue and the old cable railway. The course this central belt 
approximates closely the line the maximum movement. 

The points selected from the surveys made since December, 1899, 
have been taken from the central belt, and comprise fifty-one stations 
taken from seventeen the north and south range lines. (The ob- 
servations plotted show amovement somewhat excess the average 
all the points, covering the entire area the moving ground.) 

From study Plate XII and other data very apparent that 
the tunnels have been effective draining away the water pockets and 
bringing about condition stability the sliding mass. also 
noted how closely the decreasing movement the slide seems 
have corresponded with the progress the tunnel work and the 
increasing area drained ground. 

The results the drainage work thus far have been very satisfac- 
tory, for during the two years which have elapsed since the tunnels 
were completed there has been appreciable movement the slide. 
The surveys have shown some slight variations individual points, 
from month month, but these variations have not been confined 
one locality and not always consecutive points upon the same range 
line. Under the circumstances, has been thought but fair 
assume that the variations noted the readings various points 
have been due part least errors the instrumental work. 

The instrument used making these surveys since 1897 Buff 
and Berger transit-theodolite, No. 11, purchased expressly for this 
work. Care has been taken insure the accuracy the surveys 
which have been made from month month, these having been re- 
peated whole part more than eighty times during the past 
eight years. Asarule, the readings have been taken from single 
transit station the end each range line, plumb-bob string, 
carefully supported, being used instead line rod. order 
conservative the matter, has been considered that varia- 
tion 0.02 ft. between consecutive monthly readings did not 
necessarily mean that movement had taken place any point dur- 
ing any particular month. successive surveys showed increas- 
ing variation from the original line was then assumed that there 
had actually been movement that point. The photographs show 
that the surfave the slide rough and broken, and hence will 
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seen that sight the tack head could not always 
has therefore been assumed that for the purposes the work 0.02 ft. 
was not unreasonable allowance for instrumental error the survey 
the range lines. 

The flow water tunnel drains has been observed fre- 
quent intervals since their completion, and the daily flow has been 
found range between and 000 galls. during the summer, 
and from 000 000 galls. during the winter. After severe rain 
storms the flow sometimes increases 000 galls. per day for short 
time. 

The results achieved have been particularly gratifying, for, while 
the expense the reclamation work thus far undertaken has been 
quite large, amounting more than $31 000 during the years 1895 
1901, exclusive the outlay for engineering and superintendence, yet 
the results accomplished fully justify the course followed the Water 
Committee. 

The patience the Water Committee waiting for the plans 
the engineers fully developed, and their wisdom and courage 
executing these plans thoroughly after they had been formulated, 
especially worthy mention. 

The Committee can now look forward with confidence the time, 
not far distant, when the reservoirs can fully repaired and put into 
service, thus forming beautiful and attractive feature the park 
system, well fulfilling the useful purpose for which they were de- 
signed originally. They will thus save, for the use the City, 
property which cost originally more than $500 000. 

The work replacing and repairing the broken linings the reser- 
voirs yet done, and also that making permanent the tunnel 
drains. was one time planned begin this work during the year 
1903, but, large expenditures being required for extending distribution 
mains, the reservoir work has been postponed. 

Plans are course preparation for this repair work, and also for 
concrete sewer built inside the drainage tunnel, pro- 
vide permanent outlet for all waters percolating through the body 
the slide and reaching bed-rock. When this work accomplished, the 
the Portland reservoirs will have become event 
the past, and will soon forgotten all but those who have been 
intimately connected with the work. 
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That the engineers who have been familiar with the details this 
work have profited their experience, undoubtedly true, and 
with the thought that the lessons taught the experiences related 
herein might helpful other members the profession, that the 
writer has ventured describe, with fullness statement which 
might not justifiable under other circumstances, the difficulties en- 
countered and overcome. the record herein given proves help- 
ful any professional brother, then the purpose the writer will 
have been accomplished. 
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This Society not responsible, body, for the facts and opinions advanced 
any its publications. 


LATERAL EARTH PRESSURES AND RELATED 
PHENOMENA. 


PRESENTED 20TH, 1904. 


INTRODUCTION. 


While theories concerning the action granular masses, 
planes rupture and friction, and lateral pressures, etc., are 
fairly numerous, they are not all concordant the results they 
produce, and these results are not accord with the few experiments 
thus far made public, with common engineering practice the de- 
sign structures having with such granular substances. 
hoped that the experiments herein described will throw some light 
upon the subject, aid designers getting nearer the requirements 
actual cases, correct some errors the several theories, and 
form nucleus around which build practicable working rules 
perhaps theory which will indeed agree with fact. 

The order presentation the following material almost the 
opposite that which was worked out. 


papers are issued before the date set for presentation and discussion. 
Correspondence invited from those who cannot present the meeting, and may 
sent mail the Secretary. Discussion, either oral written, will published 


subsequent number Proceedings, and, when finally closed, the papers, with discussion 
full, will published Transactions. 
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Work OTHER OBSERVERS. 


analysis the data given Sir Benjamin Baker, his paper,* 
Actual Lateral Pressure Earthwork,” warrants perhaps one 
deduction, viz., that the coarser the materials, the less the lateral 
pressure. The curves Fig. show that, for coal, shingle, ballast 
and macadam material, the results are fairly concordant, and that the 
lateral pressure for such materials about one-tenth the vertical 
pressure, and varies uniformly with it. appears that the lateral 
pressure for clay runs often one-fifth the vertical pressure, while 
loose earth varies between one-tenth and one-fifth. 

The work Darwin, described his ‘‘On the 
Horizontal Thrust Mass Sand,” little practical value be- 
cause the small size his model, but several his conclusions are 
interesting. says, coefficient maximum internal friction 
probably very different different parts mass sand,” and 
not equal any point that the talus greatest possible slope, and 
function the pressure,” and, also, the pressure and shak- 
ing which some previous period the mass sand has been sub- 
jected.” Fig. shows the range his experiments, plotted scale 
for comparison with others. 

Steel, his article,t Earth Pressures against 
Retaining Walls,” concludes, part, from his work: That the lateral 
not equal constant times the head” (vertical 
pressure); that the surface slope has some slight effect upon the 
lateral pressure; and that ‘‘the nearness the solid bottom (of his 
model) has unknown but large effect the lateral 
His last conclusion is, really, that the compressibility the earth, 
combined with its arching effect, affects largely the lateral pressure. 
The results his experiments, terms vertical and lateral 
pressures, are shown Figs. For dry and moist earth, 
finds that the lateral pressure from one-fifth one-third the 
vertical pressure, and, saturated materials, practically equal it. 

The excessively large and the almost minute pressures used 
George Wilson, described his Experiments Con- 


Minutes Proceedings, Inst. E., Vol. LXV, 140. 

Minutes Proceedings, Inst. E., Vol. 350. 
Engineering News, Oct. 19th, Vol. XLII, 261. 

The words parentheses are the writer. 

Minutes Proceedings, Inst. E., Vol. CXLIX, 208. 
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jugate Pressures Fine Sand and Their Variation with the Presence 
Water,” make his work little value except for comparison. 
proves that the tangent the internal angle friction, pressures 
100 tons, varies with the amount moisture present. Also, 
another series, that, even depths few inches, the moisture 
present has considerable effect upon the coefficient friction between 
metal, sand and glass,-and sand and wood. The results 
his experiments, replotted for comparison with others, are shown 
Figs. 6and finds that, with moisture, the 
lateral pressure great depths (approximating 000 ft.), varies from 
one-fifth one-third the vertical pressure, being— 


when the sand dry, when saturated with water; 
that diminishes toa minimum between these limits and then increases 
again; and that the value this decrement for any particular 
percentage diminishes the 


EXPERIMENTS 


One series observations made the writer was upon model 
which could contain mass earth ft. 3ft. and 6ft.deep. (See 
Fig. 8.) Stiff corner posts were 

THREE-FOOT EARTH-PRESSURE 
bolted together make frame, MODEL. 
from which box could made 
the insertion removable 
side-boards ft. long and ft. 
wide. one side the model 
the boards were fitted with 
especial care, and paper was 
placed over all edges that the 
particles earth could not enter 
the joints and affect the results. 
About ins. above the center line 
the lowest board upon this 
side, rod, secured the vertical 
posts, was placed two bent 
levers with fulcrums the rod 
would each bear with short arm 
against the center the board 
near its two ends, and that 
long arm would extend horizon- 
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tally from the model. scale-pan was arranged 
each horizontal arm, and weights known values were cast for 
the pans. Thus, moving the pans along the horizontal arms, 
varying pressures known amounts could obtained against the 
board, and, consequently, the lateral pressure the earth inside the 
model could equilibrated. conducting experiment, common, 
slightly moist, bank sand was first thrown into the model tothe de- 
sired depth. Long, tapering, metal wedges were then inserted between 
the frame and the lowest movable side-board, and weights were ap- 
plied the scale-pans gradually and the latter moved along the lever 
arms until the wedges dropped their own weight. The uniformity 
the results depended upon the nicety and exact equality with which 
the wedges were inserted, and this depended entirely upon the skill 


-the observer. Aftera little practice, enough skill was acquired 


the results the observations made separate days did not differ 
more than could attributed other sources variation, such 
the manner depositing the sand the model, its varying humidity, 
etc. Furthermore, two consecutive series 
did not vary more than 10%, including all 
sources error. 
Fig. gives the averages all results 
obtained with the apparatus shown Fig. 
this experiment the lateral pressure 
approximately one-fifteenth the verti- 
cal pressure plus lbs., thus being less 
than one-fifth the vertical pressure, ex- 
cept near the surface, and diminishing with 
increased vertical pressures. The curvature 
the upper portion the figure shows the 
same departure from uniform variation found 
constant would immediately suggest 
uniform friction increment arch-action 
increment, and, doubtless, there were such 
increments, because the small size and 
the manner construction the model. Thesmall ratio lateral 
vertical pressure also indicates such conditions, and the results, 
therefore, are believed little value. 
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EXPERIMENTS WITH RETAINING WALL. 


Another experiment was tried, connection with the filling behind 
line sheet-piling driven form the face retaining wall. 
section the piling was selected which was fairly straight and had 
been evenly driven. box, 6x1x15 ft., inside measurement (see 
Fig. 10), was constructed with- 

DIAGRAM ARRANGEMENTS RETAINING- 

out top and with the sheath- WALL EXPERIMENTS. 
piling one the large sides. 
This brought the other large 
side the box broadside the 
This side consisted 
10-in. yellow pine plank, ft. 
long, and was, therefore, such 
material and dimensions 
permit appreciable 
the lateral pressure the 
the box was well braced 
around the ends, and the top was 
left open, measuring instru- 
ment could dropped down 
inside the box ascertain 
the distance between the sheet- 
piling and the deflected side 
various depths. This device consisted long, square rod which 
was marked off 1-ft. lengths. the lower end the rod, and 
right angles it, was fastened 3-in. strip slightly longer 
than the smallest inside dimension the box. The end the rod 
was the center the strip. This was duplicated exactly 
second piece, arranged slide the rod, which second piece 
always remained the top the box. this arrangement, the top 
piece would always show the exact angular position the bottom 
one, whatever position the rod was twisted. lowering the rod 
degrees into the box fixed vertical line, and twisting each 
depth that the bottom piece was up” with its two ends 
against the two inner sides the box, the slide the top would give 
the exact angle the bottom piece. Moreover, one corresponding 
end the slide was brought contact with one side the box, 
the top, the distance from the other end the slide the other side 
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DEFLECTION OBSERVATIONS. 
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Deflection, in Inches. 


TAKEN FEBRUARY 25TH 
eyryry in Inches. 


TAKEN FEBRUARY 9TH 
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TAKEN JUNE 9TH 
Deflection, in Inches. 
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the box would equal the difference the breadth the box be- 
tween that the top and that the point observation. This dif- 
ference was the measurement sought, being the deflection caused 
the earth pressure the point observed. Readings were taken this 
manner, (a) before any earth was contact with the box, soon 
had been brought half way the box, (c) soon the fill was 
completed, and (d) after varying intervals time. The deflection 
curves are shown the left Figs. 16. 
The filling consisted earth excavated during freezing weather, 
and the fill was made dumping the edge embankment. 
Thus, the material immediately against the box the time the first 
two observations was principally frozen lumps. The third observation 
was taken after thaw several days, and the remaining ones after 
the frost had entirely left the ground. 


was desirable obtain some analysis the deflection curves, 
order see whether they would show any way how the pressure 
obtained its full effect deflecting the timber, and whether different 
conditions the filling material caused any variation pressure. The 
actual observations, therefore, were plotted for each series (shown 
the dashed lines the left Figs. 16), and approximate 
tion curves (shown full lines) drawn 
through them. curve which each 
ordinate one curve proportional 
the difference between two corresponding 
consecutive ordinates another the 
curve which the first differential the 
latter curve. Fig. 17, let the 

given curve, which and are any 
two consecutive ordinates, all which are spaced uniformly. 


Hence, having drawn the deflection curve, the moment curve can 
drawn laying off equally spaced ordinates along the deflection 
curve and constructing second curve which similarly spaced 
ordinates are proportional the difference between the consecutive 
ordinates the first curve. Similarly, shear curve can drawn 
from the moment curve, since the shear the first differential the 
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moment any point. The same rule 
applies constructing the load curve 
from the shear curve, but, for some- 
what different reason. Fig. 18, let 
the shear curve, which 


rf Load Curve 
are any two consecutive ordinates, all 


which are spaced equally. construc- 


between the curve and the axis, which represents the load passed 
over. Consequently, the first curve shear curve for the second 
curve load curve; and conversely. 

Moment, shear, and load-line curves were constructed this way 
from the approximate deflection curves observed, and the load curves 
thus obtained afforded some crude manner the information sought. 

That the load over only the lower half the box, shown 
Fig. 11, and its practically uniform variation revealed. Fig. 
shows that immediately after the fill was completed the pressure ex- 


tended throughout the full height the box, and tends show its 


approximately uniform variation. Furthermore, has the slight 


curve near the surface found Steel (see Fig. 5), and the writer 
his first-described experiment (see Fig. 9). The thaw which oc- 
curred between the second and third observations appears have 
loosened the surface materials and have brought into play in- 
creased pressure the lower levels (see week later the 
point greatest pressure seems have worked downward (Fig. 14), 
and, after another interval, appears have dropped lo-ver still (Fig. 
each these three observations the local pressure was suf- 
ficient relieve the plank from all strains, except close proximity 
the maximum point. After final interval three months, the 
load curve seems have resumed its normal shape (Fig. 16), 
practically uniformly varying. (Compare Figs. and 16.) course, 
these deductions could only qualitative nature, but they not 
appear abnormal, and are interesting that they disclose some 
measure the phenomena which take place during the gradual settle- 
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ment into place mass earth against retaining wall, which 
defiects the load increases. 

order ascertain some extent the amount the pressure ex- 
erted the earth the observed cases, 10-in. plank 
points ft. apart and loaded with brick arranged form 
triangular pile with the apex overone support. The loading was con- 
tinued, shown Plate XIV, observed deflection equalled 
that formed the earth-pressure observations. The weight the 
brick thus piled was 580 which would equivalent little 
more than 000 Ibs. per foot width the earth. the assump- 
tion uniformly varying distribution, this gives pressure 600 
per square foot depth ft. For various reasons, this 
seems excessive, and improbable that the actual pressure 
was more than 500 lbs. The material which made the fill was prin- 
cipally fine beach sand which weighed about 100 per foot 
its final compact condition. This would show lateral pressure 
approximately one-half the vertical the depths tested. This 
large when compared with the observations thus far described, but, 
perhaps, may accounted for partly the action the tide water, 
which was separated from the earth only the 6-in. sheet-piling 
which formed one side the experimental box. 

similar manner, attempt was made ascertain the lateral 
pressure exerted rip-rap under water. this case, the pile 
stone was ft. deep and came only point ft. from the top the 
box. deflection was observed, and the weight the brick 
necessary produce equal deflection under uniformly varying 
load covering equivalent portion 10-in. plank, ft. long, 
was This would mean lateral pressure about 150 
depth ft. rip-rap (which was practically cobble stone) 
weighed about 140 lbs. per cubic foot air, this would indicate 
lateral pressure slightly more than one-seventh the weight 
air, or, taking sea water lbs. per cubic foot, nearly 30% under 
water. noted, the other hand, fact within the 
writer’s experience, that triangular piles rip-rap about ft. high 
readily withstand the thrust mass earth 
ft. height above the same base (Fig. 19). 
the assumption that the earth weighed 100 lbs. 
per cubic foot and gave lateral thrust one- 
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half the load any point, the total lateral pressure would 800 
the further assumption that all this thrust was equilibrated the 
rip-rap such manner that its lateral thrust varied uniformly 
(which forced assumption), the maximum value this thrust 
would 514 per square foot, found adepth ft. Much 
rip-rap does not weigh more than ton per cubic yard, about 
per cubic foot. Under water this would have effective weight 
only about Ibs. pile ft. high would exert vertical press- 
ure 280 its base. This amount readily withstands lateral 
thrust 5141bs. Thus, while the least ratio, according Moseley’s 
principle, was for the rip-rap tested, the greatest ratio may 
almost 


EXPERIMENTS WITH TESTING MACHINE. 


Description actual value the ratio the 
lateral pressure the vertical pressure the important item all 
questions involving earth pressure, and almost all queries concerning 
this subject can answered satisfactorily when this ratio known. 

Several devices were constructed the writer measure this 
ratio directly, but, with one exception, without success. 

easy matter provide and measure vertical pressure upon 
amass earth, but, order measure the corresponding lateral 
pressure, some measuring instrument must devised which will 
register the pressure and the same time allow deformation 
under this pressure, for, the instant such movement occurs, the in- 
ternal conditions are altered and the results are rendered untrust- 
worthy. arching the material will take place across any 
relatively small opening formed the side walls containing ves- 
sel, that the results usually obtained, when experiments are made 
with such apparatus, not show the true lateral resistance 
offered before the opening was made. well known that the press- 
ures found against the valves coal pockets and grain elevators are 
but fraction those found against the entire sides the 
pockets and bins. 

apparatus, Fig. 20, was finally devised which, was believed, 
would provide against these difficulties. cast-iron cylinder was 
bored out diameter ins. and depth Ithad strong 
base and walls, and plunger was fitted it, which was arranged 
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that could secured the head ordinary testing machine. 
1-in. hole was bored one side the cylinder near the bottom, and 
plug was carefully fitted the hole. The outside the cylinder 
was faced where the hole was bored, and the plug was made with 
circular head, the underside which was carefully turned set 
accurately upon the planed portion the outside the cylinder. 
The plug was just long enough reach through the wall the cylin- 
der and flush with its inner face. The faced portion the outside 
the cylinder was slotted horizontally opposite the center the 
hole, and hard-rubber insulation was carefully fitted the slots. 
Upon these hard-rubber pieces, thin strips copper were secured and 
constructed that they could connected the terminals 
electric battery. the circuit with the battery was also placed 


CYLINDER FOR DETERMINATION RATIO 
LATERAL AND VERTICAL PRESSURES. 


ordinary buzzer. When the plug was fitted the hole and pushed 
home, the underside its head touched the copper strips each 
side and thereby completed electric circuit, the sounding the 
buzzer giving evidence the fact. the plug was pushed slightly 
-outward the circuit was broken and the buzzer stopped. Experiment 
showed that movement but in. was sufficient break the 
circuit, and that the tone given out the buzzer was sensitive 
that movements approximating in. could detected easily. 
With movements the lateral weighing mechanism greater than 
these, believed that internal changes can take place which 
affect internal stresses sufficiently vitiate the results obtained. 

The cylinder was cast with two lugs upon the outside, just above 
the plug hole, and such position that holes bored through the 


| 
| 
= 
= 
a 


. 


Papers. LATERAL EARTH PRESSURES. 251 


lugs held bolt which served for bent lever. One 
the arms the lever was horizontal and was marked somewhat like 
steelyard. The other arm bore against the head the plug. Weights 
various sizes were arranged hung the horizontal arm 
and moved along might desired. The weight the lever 
was neutralized means spring attached the free end the 
horizontal arm and adjusted that relieved the head the plug 
from all initial pressure. 

Method Experimentation.—In conducting experiment, the 
was filled, with the material tested, point slightly 
above the inner end the plug, and placed upon the bed testing 
machine. The plunger was then adjusted under the head the 
machine and brought down gradually upon the material the cylin- 
der. About the time that contact between the and the material 
was expected, the buzzer was put operation and gave forth con- 
tinuous sound, until the lateral pressure against the inner end the 
plug was sufficient push out slightly and break the circuit. The 
increasing application the vertical pressure was then stopped and 
the location and value the weights upon the horizontal lever 
arm were noted. The lateral pressure against the head the plug 
was then carefully increased, changes the location and amounts 
weights the horizontal arm, until this external lateral pressure 
was just sufficient press the plug back its original position and 
thus restore the electric circuit and start the buzzer. The testing 
machine was then again started, and the vertical pressure increased until 
the internal lateral pressure was sufficient move the plug outward 
and stop the buzzer, thus completing cycle operations. This 
was repeated until any desired limit vertical pressure had 
been reached. Usually, after such increasing series had been 
executed, the reverse operation was followed through, the machine 
was being brought back zero reading. This showed the differ- 
ence the action the material, regard its lateral thrust, dur- 
ing increase and decrease vertical load. 

was only after considerable experiment that the above-described 
method procedure was decided upon. The lower curve Fig. 
shows typical series results obtained it. For comparison, 
there are also shown the upper curve the results secured when the 
load the testing machine was reduced each time, start the 


| 
j 
| 
| 
| 
4 
| 
fh : 
| 
| 
q 
j 
| d 
{ 
4 
4 
ik 
| 
f 
q 
) 
4 
; 
if 
ia 


252 LATERAL EARTH PRESSURES. 


buzzer again after each new increment had been brought 
bear the head the plug, and the vertical pressure had been 
worked up. the point stopping the buzzer. Asterisks show 
where new weight was placed horizontal lever arm, and are the 
points which breaks the curve would expected occur, they 
are occur all. all that follows, the curves given and described 
are those formed using the first the above-described methods, 
and only the increasing series readings are treated, unless expressly 
stated the contrary. 

Discussion many questions arise, concerning 
the reliability the results obtained and their proper interpreta- 
tion, several points seem brought out fairly well the obser- 
vations. 

The effect repeated applications pressure without loosening 
the earth between such repetitions shown Fig. 22. 
observed that dry materials the curves usually remain practically 
straight lines, differing only slope and always starting from zero. 
moist earths the first application pressure, also, usually 
straight line, but peculiar permanent set sometimes seemed 
encountered succeeding applications pressure during their ear- 
lier portions. This revealed clearly the curve which forms the 
upper part the line pressure, the sand observation. 
starts from zero, but attains the direction its later movement only 
reversed curve. This starting curve shows that, some in- 
stances, after the first application vertical pressure, lateral press- 
ures may exist which are larger than the corresponding vertical ones. 
(See Fig. 23, which shows the second application pressure 30-50 
sand saturation.) This only serves confirm the observa- 
tions made Darwin with his model, that previous treatment, and, 
his case, the direction even slight stratification, affects mate- 
rially the amount the lateral pressure. This peculiar action 
moist earth interest designers quay walls, dock walls, dock 
bulkheads, dry-dock walls, etc., who have deal with cases where 
excessive loads must borne occasionally. general, however, 
when the earth not touched between successive applications 
pressure, the change slope the lines such that the actual 
lateral pressure, certain limit, slightly less with each 
successive application. This conformity with the observed 
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fact that freshly made fills behind retaining walls seem exert 
greater lateral pressure than they exert after interval time. 
course, this effect diminished pressure may also caused 
gradual drying out the fill, and sometimes other causes, but 
probable that repeated applications heavy loads, also, have some 
effect. The tests dry materials, which differed only the size 
the particles, seem reveal singular increase and then decrease 
the ratio lateral vertical pressure. The maximum ratio 
found with 30-50 sand; that is, with sand consisting particles which 
pass through sieve having meshes per linear inch, 900 per square 
inch, and are held one having meshes per linear inch, 500 per 
(See Fig. 24.) 

The erratic nature the curves for and }-in. gravel (Figs. 
and 26), show primarily that the size the individual grains was too 


large for the special. mechanism used them. If, however, the 


first three observations for gravel and the general trend the 
results for }-in. gravel are used for comparative purposes, most 
interesting compound curve developed. (See Fig. 27, where obser- 
vations rip-rap, made the writer, are also included for wider 
comparison.) With very coarse particles, such rip-rap and coal, 
the ratio small, but increases the materials grow smaller, through 
and }-in. gravel, the coarsest sand. When the particles range 
size from those which will just pass sieve with meshes the 
inch those which will just held sieve with meshes 
the inch, the ratio reaches maximum. the particles diminish 
size still further, whether they are uniform vary that the mass 
contains large and small grains, with appreciable percentage the 
latter, the ratio diminishes. are plotted the ratios observed 
6000 Ibs. per square foot vertical pressure, for all the sizes 
grains tested. The curve thus formed seems start from zero and 
increase rapidly,to maximum, then diminish and, finally, with 
change curvature, out infinity along one axis asymptote. 
This makes curve astonishingly like the lituus shown the same 
figure, but relation apparent between the equation the lituus 
and the conditions involved this problem. little consideration, 
however, shows that this curve does represent about what 
expected. masses formed very large pieces there usually little 
lateral pressure, and when the number particles per inch ap- 
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proaches zero, that is, when the pieces combine single block 
stone, the lateral pressure, course, zero. evident, the 
other extreme, that, the size the granules grows smaller until 
they become microscopic, constantly increasing cohesive molecular 


forces will come into play, that, with particles molecular dimen- 


sions, the mass has become again one solid block through cohesion, 
and can exert lateral pressure the variety studied herein. 
Concerning the effect moisture upon the ratio lateral ver- 
tical pressure, even more surprising phenomenon observed. 
See Figs. 28, 29, and 30. For each class material, four curves 
parts curves are there shown, which represent the lateral pressures 
observed different percentages saturation, under vertical press- 


ures 500, 000, and 000 per square foot. Beginning 


with the lowest one and counting upward, the curves are for these 
pressures, respectively. these diagrams the actual observations 
made are shown the small circles. The full-line curves show the 
probable course the phenomena between the actual observations, 


while the dashed lines show the possible remaining portions these 


curves, the writer believes they would be. While not absolutely 
proven, the results seem indicate that, all the cases tested, 
curve the one for 50-100 quicksand expected, and that 
the latter may considered typical one. this curve are 
found two minima and one maximum. Starting with given ratio 
for dry sand, the ratio decreases first with increasing saturation, 
then increases sometimes beyond the starting value, only decrease 
again nearly low the first minimum, and finally increase 
final medium value. This not quite accord with the curve 
given Wilson, but his observations covered only two percentages 
saturation aside from the dry and practically saturated, that 
still possible that curve the form found the writer may 
drawn through the values found him. This shown the dia- 
gram the right Fig. 30. 

These curves for varying percentages moisture may repre- 
sented equations the form, 

which the coefficients may determined for any given set 
observations, but such determinations are tedious and the resulting 


quantities indicate nothing the questions naturally arising. The 
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equation which will give practically the curve for 50-100 quicksand 
under pressure 000 per square foot (see the upper left-hand 
curve Fig. 29), 

terms hundreds pounds vertical pressure, measured along the 
axis and percentages saturation, along the axis 

Why the equation should this form not obvious, but pos- 
sible explanation the shape this typical curve may made. 
well known that with slight additions moisture the cohesion 
between the particles earth increased greatly, and hence the ratio 
vertical lateral pressure would probably decrease down some 
limit. (See Fig. 31.) 

well known, however, that, lang 
before the moisture would fill all the 
voids, some change takes place reduce 
the cohesion and hence increase the ratio 
vertical lateral pressure. (See Fig. 
32.) the other extreme, well 

known that considerable water makes 
excellent lubricant between polished sur- 
faces stone, and that the friction in- 
creases with decrease water. the 
friction would increase, the cohesion 
would increase and the ratio the verti- 
cal the lateral pressure would decrease. 
(See Fig. 83.) however, 
teaches that when the amount moisture 
very small, the friction also small Percentage Saturation 
and, similarly, the ratio vertical 
lateral pressure would relatively larger. 


Ratio 


Percentage Saturation 


Ratio 


(See Fig. 34.) The 
produced these two causes might coincide, for aught one can see, 
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but the experiments seem show that 
they not, but form the double curve 
actually observed. (See Figs. and 36.) 
Inspection the various saturation 
curves, further, shows that the effect 
the moisture more marked under 
heavy vertical pressures than under 
lesser ones. 

The large ratios found for 20-30 and 30-50 sand are suprising, and 
would open more doubt, but for the singular regularity the 
Fig. 27. Perhaps, however, this only accident. Com- 
parison the curves for 50-100 bank sand and 50-100 quicksand 
reveals great similarity, and suggests that the fine particles only 
quicksand which give its peculiar qualities. The curves for 
100-up quicksand not show well-marked second minimum, but 
show fairly constant increase lateral pressure, 


Percentage of Saturation 


tion. saturation point, the lateral pressure larger than for 
materials any other size, except the surprising 30-50 sand and 
the clay. Experience would lead one expect relatively high 
lateral pressure for the latter material, especially when saturated. 
But, the quicksand, even with the relatively high lateral pressures 
saturation, they not approach nearer than about 50% the 
vertical ones when the water saturation confined with the sand, 
occurred the model during the test, and these lateral pressures 
are much less when the water drained away some extent, that is, 
when the sand not saturated. Therefore, would seem that those 
designers who are using ratio one ratio) de- 
signing retaining walls where quicksand encountered are using 
excessive assumptions. Apparently, least part, the peculiar 
nature quicksand inheres its extreme fineness. More than 80% 
the sample from the Brooklyn Navy Yard tested the writer 
passed standard No. 100 sieve. This property makes practically 
impossible confine it. when saturated, wherever water 
does. Furthermore, doubtful the large pressures sometimes 
attributed quicksand are really more than those actually produced 
the water saturating the sand. The problem the designer, 
dealing with quicksand, only, then, impound completely the 
water which the sand contains, and accomplishing this need 
deal with pressures except the hydrostatic ones. 
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TABLE No. Ratios AND PRESSURES. 


Kind material. 


Coal, shingle, bal- 
last, 


Baker..... 
Goodrich.. 


Rip-rap (under 
gravel....... 


gravel....... 
Hard-coal cinders. 
20-30 sand.......... 
sand.......... 
50-100 sand........ 
50-100 
100-up oe 


Bank sand......... 


AVERAGE RATIO 
LATERAL PRESSURE. 


Observer. 


500 


0.10 


0.15 


0.50 
0.44 


0.44 
0.72 


0.40 


0,60 0,60 0.60 0.60 


0.36 


0.24 
0.20 
0.26 
0.15 


0.40 


0.40 0.40 0.40 


VARIATION FROM AVERAGE RATIO OF— 


Maximum probable value. 


10000 2500 
Ibs. 


Per- 


age. 


Minimum probable value. 


000 
Ibs. 


Remarks. 


Observations in- 
complete. 

Observations in- 
complete. 


Observations in- 
complete. 

Observations in- 
complete. 

Observations in- 
complete. 


With 
apparatus. 
retain- 
wall. 
Observations in- 
complete. 
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The high lateral pressures found absolutely dry sand made 
coarse grains are importance designers, such materials 
are never encountered practical experience, and materials are 
found loose, dry state. Whenever earth dries out completely, 
the particles are cemented together into fairly rigid mass the 
evaporation the moisture which the earth contained 
deposition the solids which were held solution it. then 
exerts little lateral pressure, none all. 

With the usual factors safety for engineering structures, 
not necessary allow for the maximum lateral pressures observed for 
any kind material, but selected average value can used with- 
out dangerous error. Such average, when selected carefully, will 
give results within the range variation due other causes. Table 
No. shows such values, collated from all the foregoing data, and 
also shows the percentage which the maximum and the minimum 
probable values will differ from this average. 

The observations the writer upon his model with bank sand 
are omitted purposely, the results, evidently, were influenced 
the small size the model. doubtful whether models less than 
ft. least dimension will ever afford trustworthy results, 
except with perfectly dry materials. 

The ratio found for rip-rap the writer agrees fairly well with the 
ratio deduced from Baker’s paper for materials somewhat similar 
character. gravel and cinders also have fair uniformity. 
The unexplained decrease the ratio with increased fineness 
material again noticeable Table No. well the facts that, 
with coarse materials, the ratio practically constant, whatever the 
pressure, and that when the material fine texture increases with 
the pressure. Perhaps the latter fact can explained partly the 
increased compressibility the finer materials, and, consequently, the 
increased internal friction which would expected when the particles 

were close together. 

The low ratios 0.10 and 0.07, for bank sand, found the writer, 
with the cylinder and the model, not accord well with those 0.26, 
and 0.50 found Steel for earth and Wilson for sand, and the 
writer for bank sand the retaining-wall experiments. The values 
0.07, 0.10, 0.15, 0.26, 0.33 and 0.50, made those mentioned, to- 

gether with one Baker’s for earth, show conclusively, however, that 
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general average cannot determined which will not subject toa 
possible 50% error, and that for close design one must examine care- 


fully the kind material, and ascertain, well, its degree satura- 
tion and its previous treatment. 


After the determination these 
points, reference would best made the curves Figs. 28, 29, and 


30. Baker’s maximum ratio for clay practically the same the 
writer’s minimum, and, because the character the observations, 
the agreement can said good. 


For almost all purposes, the ratios the column headed 500 Ibs. 
| 


will the ones used, because, with earths common density, 
such pressure would found depths about ft. 

From the data Table No. evident that ratio 100 
ample for all but exceptional cases, and that, where conditions can 


regulated, ratio still can used. The actual relation 


which the use this ratio bears common practice shown clearly 
Fig. 37. 
Let wall feet high and feet 
thick, weighing 150 lbs. per cubic foot, 
made support uniformly vary- 
ing earth pressure wherein the lateral 
thrust four-tenths the vertical. 
Let this due simply the weight 
the earth, which taken 100 lbs. 
per cubic foot. The usual rule fol- 
lowed, applying the resultant lat- 
eral thrust one-third the height the wall from its base, and 


allowing the resultant the pressures cut the base the edge 
its middle 
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Trautwine* gives 0.5 the relative thickness for walls well- 
scabbled dry rubble,” with ratios 0.4 and 0.35 the height for 
breadth walls good common scabbled mortar-rubble, brick 
and first-class large ranged rubble, mortar,” 
respectively. These ratios tend show that common practice either 
does not limit the resultant the middle third,” assumes ratio 
lateral vertical pressure less than 0.4. 

The lateral pressures obtained Steel, and several the writer’s 
results, show departure from uniform variation which few author- 
ities try take account. Where the curves are straight lines starting 
from zero, the resultant would applied, theoretically, point 
one-third the height the plane pressure above its bottom. 
Where the curves are concave upward, the second and third ap- 
lications load the gravel, and the first observations 
sand (see Fig. 22), the resultant would found below the one-third 
point. This condition rarely met, and may neglected. many 
cases, however, the curve convex upward, and the resultant would 
actually located above the one-third point. This the danger 

side, the common rule followed, basing computations the 
assumption its being applied the one-third point. While the 
reliability the curves here shown rather small, many cases, still 
investigation them along this line will prove interest. the 
following-named curves, the location the resultant indicated: 
Fraction height 


above bottom 
which resultant 


Figure. applied. 


This would tend show that much safer practice would 
assume that the resultant applied point four-tenths the 
height from the bottom, place one-third, usually done 
present. The difference between these two assumptions involves the 
stability structures the extent per cent. 
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INTERNAL ANGLE. 


According Rankine*, the ratio the vertical and lateral press- 
ures expressed the ratio 
sin. 
which the limiting angle internal friction any point. 
the ratio known, the angle can computed from the formula 


Having found the sine the angle, its tangent can found easily 
any table natural functions. 

Table No. shows that the ratio varies with the pressure, many 
cases, and, consequently, the limiting angle friction must vary ac- 
cordingly. Similarly, this limiting angle internal friction certain 
differ most cases from that the angle the natural slope 
the free surface the material. 

This angle slope was determined carefully for bank sand vary- 
ing saturation, dropping carefully from given 
height (of few inches) that would form and then meas- 
uring the altitude and average diameter the base this cone, and 
computing the tangent the angle surface slope. The results 
thus obtained are shown the curve the left Fig. For pur- 
poses comparison, the tangent the limiting angles internal 


friction, the case 
CURVES ANGLES REPOSE 


0.2 


50-100 quicksand, 


the formula, and 


slope. 
the manner described 


above, and are shown 
the other curves 
what surprising 
find the same type 


2 


Tangent of Angle of Repose. 


curve with maxi- 
mum and two minima 
the case the surface angle, but its nature evident and also its 
general similarity the curves the computed tangents. 
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The actual surface slope the bank sand tested, connection with 
the retaining wall, was also found the occasion slip which oc- 
The slope under water was and above water level 
slopes the samples cinders, gravel, etc., ex- 
perimented with were also determined, and are given later. 

series experiments was also carried out determine the actual 
tangent the limiting angle internal friction for various earths. 
That varies with the pressure, shown readily constructing 
two boxes without tops and the same dimensions except the depths, 
which must differ. Fill both with sand and put one above the other 
with the open tops together, then tilt the under one until the upper 
one just slides, and then repeat the operation with the boxes reversed. 
marked difference the angle sliding will observed with 

damp sand, even with boxes but and ins. deep. 

Quantitative experiments this character were carried out 
building two boxes, each internal dimension, but without 
tops and only one with bottom. (See 


MODEL FOR DETERMINATION OF 


Fig. 39.) The latter box was fastened COEFFICIENT INTERNAL 
FRICTION. 


the edge high platform and had pul- 
ley attached it, and arranged that 
line would lead from the other box when 
placed top the first, over the pulley 
scale-pan upon which known weights 
could placed. boxes were placed 
position, and the weight which would 
just move the upper one over the fixed one 
when empty was ascertained. The 
cient friction the pulley was also 
determined for different loads, and the 


results were used correct the later observations. 

conducting experiment, the two boxes were filled with the 
earth tested and enough weights added the scale-pan start 
the upper box sliding. was then cheeked and jacked back into 
position and loose top placed the upper surface the earth and 
known weights piled Weights were then added the 
scale-pan until sliding again just took place. This operation was re- 
peated with increasing weights the earth, until, for various practi- 
cal reasons, became impossible carry the operation farther. 


/\\ 


Vertical Pressures. 


LATERAL EARTH PRESSURES. 265 


Fig. gives the actual results obtained, and, for comparison with 
previous results, Fig. shows the results the observations reduced 


give the lateral pressures for various loads. The writer’s 


observations with the model are inserted, for further compari- 
son. Figs. 42, show the relation between the lateral pressures 


computed from the friction experiments and those observed directly 
with the cylinder. They show conclusively that Rankine’s theory 


conjugate pressures correct when the proper angle friction 
used. 


CURVES FRICTION 
REDUCED SHOW LATERAL 


CURVES ACTUAL INTERNAL FRICTION, PRESSURES. 
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The relation between the angle surface slope and the angle 


internal friction one instance shown Fig. 45. The dashes 
show the possible connecting curves between those the 


friction angles and the points locating the tangents angles sur- 
face slope. would appear from this figure, and from the curves 
Figs. 42, and 44, that some relation exists between the angles 
surface slope and internal friction. This relation shown Fig. 
46, where the dry-sand curve Fig. 45, slightly altered, repro- 
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occurs the first foot two depth. this special case, for 
depths down about ft., the tangent the angle internal fric- 


tion may considered that the angle surface slope. Below 


CURVES SHOWING TANGENTS OF ANGLES OF SURFACE SLOPE 
‘is AND OF INTERNAL FRICTION ANGLES NEAR SURFACE, 
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ft., however, the angle internal friction falls off, first rapidly, 
then more and more slowly. The determination analytical 


curve similar shape can practical value, will shown 
directly. 
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TABLE No. INTERNAL FRICTION AND SURFACE SLOPE 
FOR DIFFERENT MATERIALS. 


Tangent 
tical press- Kind material. Observer. sur-| Observer. 
ure face slope. 
tion. 
Percentage. 
Coal, shingle, ballast, ..... 1,423 1.11 
15, 1.097 1.00 Goodrich. 
rautwine. 
Steel....... 0.750 Steel. 
Bank sand 0.750 0.58 Wilson. 
sand Goodrich 0.549 0.85 Goodrich. 
Bank sand 0.549 0.75 Rankine. 


Table No. gives various ratios lateral vertical pressure, the 
materials with which the experiments were made, and the computed 
tangent the limiting angle internal friction. The tangents 
angles usual surface slope are also included, but the relation be- 
tween these two angles shown more clearly Fig. 47. 


DIAGRAM SHOWING RELATION OF TANGENTS OF ANGLES OF SURFACE SLOPE 
AND OF INTERNAL FRICTION, 
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With the exception rip-rap and clay (the particles the one 
being perhaps too large and the other too small), all the surface 
slopes tend toward such have tangents between 0.50 and 1.00, irre- 
spective the angles internal friction. This would tend prove 
that practically the same laws rolling friction exist for materials 
different-sized particles and degrees saturation, while the laws 
internal friction depend more intimately upon, and vary with, the 
size the particles and the percentage their saturation. Con- 
sequently, designers must look the angle internal friction and 
not that the surface slope furnish them with data for their 
computations. These vary considerably, under different circumstan- 
ces, and general rule can laid down. 


Tests the compressibility various soils were also made, but 
they revealed only the facts: (a) that the layers immediately beneath 
the compressing were much more compressed than the more dis- 
tant ones; that sort compressed cone formed under the com- 
pressing (c) that appreciable percentage compression took 
place only with excessive loads which would correspond great 
depths below the surface; that, under extreme pressures, garden 
earth and sand showed quite elastic reaction, the former showing 
the more, and (e) that clay, even when showing but quantity 
water present, would and relieve the pressure squeez- 
ing through the smallest openings long threads sheets. 


RECAPITULATION. 


More experimental data practical variety should secured, 
the subject pressures earth one upon which the whole 
scientific design the foundations engineering structures de- 
pends. 

believed that the scientist can work along the lines described 
herein with more less clear perception the following facts 
conclusions, herein first deduced, here brought out confirma- 
tion what experience has already taught: 


1.—Repeated applications pressure earths general develop 
diminishing lateral reactions. 
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2.—In moist earths the first large application pressure likely 
produce permanent set which exerts excessive lateral thrusts 
low repetitions pressure. 

3.—The lateral thrust dry materials which differ only size 
particle varies the ordinates lituus. 

4.—The lateral thrust, materials which differ only the per- 
centage saturation, varies the ordinates curve the fourth 
degree, possessing two minima and one maximum between and 
100% saturation. 

5.—Some explanation the lituus curve may obtained from the 
relation molecular forces the size the granules. 

6.—Some explanation the curve the fourth degree may 
obtained from the phenomena adhesion between water and particles 
earth, together with capillary action, and the friction between 
two faces rock with water lubricator. 

7.—The effect moisture more marked heavy vertical press- 
ures than lesser ones. 

8.—The peculiar nature quicksand inheres, part least, 
the size its particles, and the curves the fine portion not pos- 
sess the maximum found with particles larger sizes. 

9.—Clay, which possesses still smaller particles, has higher rela- 
tive lateral thrust, but, because its nature, does not but 

10.—Earth-pressure experiments, practical value, must 
models large size, because ofthe effect arching action. 

11.—The effect increase pressure more apparent materials 
small particles. Perhaps this because increased internal 
friction. The greater compressibility fine materials results 
relatively large decrease the distance between particles and thus 
increased friction. 

12.—In many cases the resultant the pressures plane should 
applied point above the lower one-third point. 

13.—Rankine’s theory conjugate pressures correct, when the 
proper angle friction found, and probably adaptations his 
formulas will most practical value. 

14.—The coefficient rolling friction particles different sizes 


practically constant, irrespective size and amount moisture 
present. 
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15.—The limiting angle internal friction depends upon the size 
the particles and the degree saturation the material. 

16.—In the loading earth, cone compressed material forms 
under the compressing body.- 

17.—Earths, under certain conditions, reveal elasticity. 

For the practical engineer and the designer structures, the fol- 
lowing points are deemed pertinent: 

18.—The lateral thrust newly made fills against retaining walls 
decreases with time and repeated applications the load. 

19.—With some moist earths, heavy load will induce the ma- 
terial possibility the development excessive lateral thrusts under 


repetitions even relatively small loads. 


20.—Neither saturated nor loose dry materials are apt exert the 
greatest lateral thrust, and, with slight saturation and rather moist 
conditions, the lateral thrust apt relatively small. 

21.—When dealing with quicksand, the problem confine the 
water which contains, and account need taken pure hydro- 
static pressures only. 

22.—When dealing with clay, the problem remove the water 
which contains and guard against the creeping the material under 
excessive loads. 

23.—In many cases the resultant the lateral pressures plane 
should applied point fourth-tenths its height above the 
bottom. 

24.—Angles internal friction and not surface slope must 
used all formulas which involve the sliding earth over earth. 
Such angles, the ratio from which they may computed, are 
given the writer’s tables and curves. 

E., for interest and assistance securing data for the materials 


herein contained, and the Brooklyn Polytechnic Institute for the 
use its testing machine. 
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PRESENTED May 1904. 


HISTORY, DESIGN AND CONSTRUCTION. 


The City Denver, Colorado, with population about 150 000, 


supplied with water The Denver Union Water Company, cor- 
poration which was formed 1894 the consolidation the Citizens 
Water Company and the American Water-Works Company, both 
which had previously been furnishing water the city and private 
consumers. 
GENERAL 
Denver situated about miles from the eastern foothills the 
Rocky Mountains, what known the semi-arid region the 


West. The elevation low water the South Platte River, 


papers are issued before the date set for presentation and 
Correspondence invited from those who cannot present the meeting, and 
sent mail the Secretary. Discussion, either oral written, will published 
subsequent number Proceedings, and, when finally closed, the papers, with discussion 
full, will published Transactions. 
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ipi 


Year. 


The 
States, averaging for the past years only 13.87 ins. 


the mountain region, this principally the form rain, but dur- 


ing the winter there considerable snow, which remains the 
one-half times the minimum. May, 1876, the precipitation was 


8.57 ins., and April, 1900, was 8.24 ins., about the same for 
the entire year 1893. April, 1900, was greater than for the 


other eleven months that year. 


Fifteenth Street, ft. above mean sea level, and the higher 
TABLE No. 


portions the city are from 200 300 above this. 


precipitation, from 1872 1903. 
1893, and the maximum 21.43 


ground but short time. 
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The South Platte River, which flows through Denver, has its 
source the Rocky Mountains and, with its tributaries, drains 
area above the city miles. About sq. miles this 
area are the mountain region and 1010 sq. miles the prairies 
below the foothills. the tributaries the latter area, Bear Creek 
and Cherry Creek are the only ones which furnish water supply 
any importance. 

the mountain region tributary the South Platte River, the 
precipitation largely the form snow, which falls and accumu- 
lates from November April, and melts during May, June and July. 
The greatest floods the river occur during these three months, and 
the magnitude the floods proportion the amount accum- 
ulated snow the mountains. During the remainder the year 
there are showers and occasional cloud bursts great violence, but 
they usually cover small areas and very seldom produce flood the 
river any considerable extent duration. Generally, the high- 

water period less than two months length while the low-water 
period covers the remainder the year. 


The only source sufficient supply water for Denver the 
South Platte River and its tributaries. The ranchmen also draw 
these streams for irrigation water. Under existing condi- 
tions, the lands will produce very little without irrigation, but with 
they become marvelously productive. not surprising, therefore, 
that the ordinary flow the streams already over-appropriated 
the ranchmen and the water company, that any increased supply 
must secured storing the flood waters. 

The Company secures water from the following sources (see Fig. 1): 

1.—Cherry Creek, Sullivan, where underground cribs are built 
the sand and gravel. The water reaches them infiltration and 
flows gravity through 36-in. pipe the Capitol Hill Reservoir, 
from which pumped one the high-service districts the 
city. 

2.—In Denver, Mississippi Street, near the South Platte River, 


where water gathered underground cribs and flows gravity 
48-in. wooden pipe the West Side Reservoir and then pumped 
into the distributing mains. 
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3.—At Morrison, the water taken from Bear Creek during the 
flood and non-irrigating seasons and conveyed through the Harriman 
ditch and flume Marston Lake for then drawn out 
needed for use, filtered through mechanical filter, and flows 
gravity through wooden pipes the city distributing system. 

Platte where the South Platte River emerges from 
the mountains, system underground cribs constructed col- 
lect the underfiow water the gravel and sand below the bed 
the river and the adjacent valley. The water thus collected flows 
gravity through 30-in. wooden pipe into the Ashland Avenue Distri- 
buting Reservoir and into the city pipe system. 

5.—About miles above Platte water taken from the 
river into 34-in. wooden pipe which leads mechanical filter, 
miles south Platte and, after being filtered, flows gravity 
the Capitol Hill Reservoir and the city pipe system. 

6.—In addition the foregoing, there now being constructed 
Platte slow sand-filter plant about 000 galls. daily 
capacity, with provision for extending the filters, the needs the 
city require, 100 000 000 galls. per day. The water for these filters 
secured from the Platte River, under rights owned the company, 
and from the Lake Cheesman Reservoir. The supply from the latter 
source drawn from the reservoir and turned into the river below and 
flows the river bed Platte Cafion, distance about miles, 
where taken from the river settling basins and then ap- 
plied the filter beds. After being filtered, the water flows gravity 
40-in. wooden pipe the city distributing system. 

convey this water from the various sources supply the 
city requires the use nearly 100 miles pipe line, varying from 
ins. diameter. These conditions indicate, part least, the 
great difficulties and expense securing this region water supply 
for large city. The great problem not the best way distribute 
the water the consumers, but how obtain it. 


CHEESMAN RESERVOIR. 


The first five sources supply enumerated have furnished 


cient water the present time, but the management the com- 
pany, having great faith the future rapid growth the city, 
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realized early the importance securing the necessary water supply 
for this increased population. With this end view, Mr. Allen, 
the Chief Engineer the Company, inspected the South Platte River 
and its tributaries, and, finally, decided upon the location now known 
Lake Cheesman the one furnishing the best site for dam and 
large reservoir with water supply The location this site 
the South Platte Forest Reserve, Jefferson and Douglas Coun- 
ties, Colorado, and about miles southwest from Denver (Fig. 1). 
subsidiary company, The South Platte Canal and Reservoir Com- 
pany, was formed for building the reservoir, and, for this purpose, 
secured the right way from the Government. The first map was 
filed October 8th, 1894, and approved the Secretary the In- 
terior August 19th, 1895. The Company owns about 500 acres 
land, including and surrounding the reservoir, which ownership 
insures the protection this water supply for all time. 

The catchment basin, which has area about 796 sq. miles, 
the Rocky Mountains, the South Fork the South Platte 
River, and more than 000 ft. above sea level. Its location 
shown water-shed map compiled from the maps the 
United States Geological Survey. order make the outlines 
the various water-sheds more easily followed the eye, the map 
drawn with the sources the streams the top, which brings the 
north the bottom instead the top the map, the usual 
custom. The surface the ground largely rock and sand with 
very little vegetation; and the location forest reserve, where set- 
tlements which might pollute the waters are excluded, makes the 
basin ideal water-shed for gathering potable water. The first hab- 
itation the river above the reservoir Lake George, distance 
miles, and the population within the entire area less than 1.5 
persons mile. All the streams tributary the reservoir 
are precipitous and have rocky beds. 

The entire area which will the reservoir granite 
granitic sand, there being black soil humus upon it. 
inspection the contour map (Fig. shows that the sides the res- 
ervoir are very steep, thus preventing shallow shore water which 


vegetation might grow. The reservoir also has great depth and 
comparatively small surface area exposed evaporation, consider- 
able advantage that climate. The source supply the melting 
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snow the mountains above. Such conditions are unusually good 
for storing and keeping pure potable waters. The capacity the 
reservoir Elevation 212, which the crest the spillway, about 
000 000 cu. ft., and the surface area about 874 acres. See 
Fig. 

Dam. 


After the company secured from the Government the right 
build the dam, was necessary obtain the ownership certain 
claims, taken private parties under the pretense mining, 


before the construction the dam was begun. This consumed about 


Billions of Cubic Feet. 


Millions of Square Feet, 


two years. the meantime, studies were made the chief engi- 
neer the various types dam suitable for the location selected, 
which was the narrow just below the junction the Platte 
River and Goose Creek (sometimes called Lost Park Creek). See Fig. 
and also Fig. Plate XVII. section the dam selected 
the down-stream side and the up-stream side, which lat- 
ter was protected stone laid hand and selected from the 
rock-fill dump. This was covered with ins. concrete 
give even bearing for the steel-plate face, used for making the 
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structure water-tight. The steel face was attached 6-in. 
which were anchored into the rock fill with rods 
ft. long. footing Portland cement masonry was built, 
into which the steel plates were anchored. The top the dam 
was straight plan, and the steel face was one plane. 

The datum used for the surveys was low water the river the 
site the dam before any work was done, and 644 ft. above 
sea level. This datum has been used throughout the entire work. 

was proposed draw the water from the reservoir through three 
tunnels, the intakes which were Elevations 10, and 110, 
shown the plan and section, Fig. Plate XVII. The lower tunnel 
was driven and 42-in. twin valve regulate the outflow and guard 


ROCK-FILL DAM 


Scale 
0 10 <0 40 ft. 


Rock Fill 


balance valve the entrance the tunnel were placed position. 
The flow the river was then diverted through the tunnel build- 
ing temporary dam across the river just above the site the pro- 


posed permanent dam. Work the rock-fill dam was then com- 
menced. bridge was built Elevation 100 (shown 
Fig. Plate for use dumping the loose rock into the dam. 

The construction the tunnels and the dam was prosecuted 
during 1898, 1899, and until May, 1900, which time the masonry 
and steel facing were Elevation and the rock fill behind 
Elevation 54. the latter part April, rain, added the melting 
snows, caused flood the river greater volume than the dis- 
charge capacity the tunnel. The reservoir was filled rapidly and 
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May the flood overtopped the rock fill and washed away 
completely, leaving only the masonry and steel facing. view 


the taken few days after this accident shown Fig. 
Plate XV. 


Masonry Dam. 


June Ist, 1900, the writer was appointed Chief Engineer the 
South Platte Canal and Reservoir Company and the Denver Union 
Water Company, with instructions design and build dam this 
location, with the advice and assistance Cooley, Am. Soc. 
E., who had been consulting engineer the company during the 
previous year. 

The important conditions that time were: 

1.—The tunnels Elevations 10, and 110had been driven. The 
balance valve the entrance the lower tunnel, and the twin valve 
the middle it, had been permanently set. The two 42-in. single 
valves for the upper tunnels had been purchased. 

2.—The Portland cement masonry, together with the steel plates, 
had been built, Elevation 28, and remained perfect condition 
after the 

3.—The Government had given five years which build the 
dam, and was the desire the management the company 
utilize much possible the work which had already been done 
and far advanced possible with the new work the ex- 
for extension time which complete the work. case 
was the lake entirely unwatered. 

The type dam finally determined upon was, plan and section, 
substantially that shown Fig. Plate XVII and Fig. and was 
built Elevation 210, with the spillway Elevation 200. 
was designed gravity section, but the configuration the gorge 
was such that the natural form dam fit the site would curved 
plan. the full cross-section gravity dam could retained 
and the arch form used, with additional masonry, was decided 
curve the up-stream face radius 400 ft. built gran- 
ite masonry laid Portland cement mortar. for its con- 
struction was let August, 1900, and the work was begun Sep- 
tember. After the dam had been built elevation about 70, 
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the advisability carrying greater height than Elevation 210 
was considered, with the view increasing the storage capacity 
the reservoir much possible, consistent with safety. Taking 
into consideration the contour the below Elevation 90, the 
arch form dam, and the excellent stone available for its construc- 


Curved to Radius 399,89ft, 


PROFILE 


CHEESMAN DAM. 


tion, was thought that this could done, and the problem worked 
out the time Elevation 100 was reached with the construction. 
This elevation was therefore fixed the point where the change 
section should begin. Plate XVIII, view the 


with the bottom the trestle the dam about Elevation 100, and 
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the contours Fig. Plate XVII, give fair outline the dam 
that elevation. profile across the shown Fig. The 
question determining the elevation which the dam could 
built with safety and the section adopted presented important 
and difficult problems. For the solution them, and for the con- 
sideration the sufficiency the devices for regulating the outflow 
from the reservoir, additional consulting engineer, Alfred 
Past-President, Am. Soc. E., was appointed. 

After trying several sections, that shown Fig. with the spill- 
way fixed Elevation 212, was finally adopted. was designed 
gravity section, but the arch form gives additional strength. Silas 
Woodard, Assoc. Am. Soc. E., direction the con- 
sulting engineers, made analysis the stresses the dam which 
special interest account taking the arch form into consider- 


ation. His discussion this subject presented him part 
this paper. 

computing the weight the dam, the specific gravity the 
masonry taken 2.5, 156.25 lbs. per cubic foot, but actual deter- 
minations the specific gravity the mortar and the stone (both 
being dry) the proportions used the dam, give weight 158 
per cubic foot masonry. The part the dam built previous 
1902 was composed 74% stone and 26% mortar. 

computing the stresses the dam, account taken the 
ice thrust, for two reasons: (1) Because not probable that the 
reservoir will ever full during the winter season, and the heavier 
section the dam the water level more than ample resist this 
thrust; and (2) because the point rock projecting into the reservoir 
front the dam will protect such way make this 
thrust small. This point rock shown Fig. the contours, 
Fig. Plate XVIII, the background over the top the 
dam. The high-water line about ft. vertically below the timber- 
line shown Fig. Plate 

Foundation.—The foundation the dam the solid granite rock 
the bottom the cafion across which built. The widths 
this are follows: the bottom, about ft.; Elevation 
30, about feet; Elevation 90, about 130 ft., the down-stream 
face; and Elevation 217, about 710 ft. (see Fig. 10). The elevation 
the bed-rock along the axis the stream about ft., but one 
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pot-hole extended down Elevation ft. fact, the entire bot- 
tom was series pot-holes eroded the solid granite and varying 
depth from ft. ft. Similar pot-holes also existed the walls 
the from the foundation high Elevation 50; some 
these, the south side the can seen Fig. Plate XVI. 
Overlying the bed-rock were boulders and coarse gravel depth 
about ft. These were removed and the rock was washed clean 
before the masonry was laid. unsound rock crevices were 
found below Elevation 30, but, above this elevation, some broken and 
unsound rock was found, and all was removed before laying the 
masonry, thus giving foundation solid granite for the entire 
base the dam. Generally, the excavation for the foundation con- 
sisted removing large boulders and few feet disintegrated 
rock, but the south end the dam and above Elevation 130 there 

encountered large pocket rock badly broken that 
was not suitable for good foundation. Smaller pockets unsound 
rock were encountered both the south and north sides the 
The contour the foundation the dam actually built upon 
shown, from Elevation Elevation 130, the dotted lines Fig. 
Plate XVII, and below Elevation Fig. Plate XVII. 

Height Dam and Depth Water.—Referring the section shown 
Fig. 10, the average elevation the base the dam 10, and 
the driveway top the dam thus making average height 
227 ft. The extreme low point the foundation and the 
highest point the top 221, making maximum height 236 ft. 
The thickness the base Elevation 176 ft., and Eleva- 
tion 190 ft., which thickness carried uniformly the top 
the structure. Since the material overlying the bed-rock the up- 
stream side the dam open gravel and boulders, the water pressure 
against the dam may fairly assumed begin Elevation 10, 
and ft. water flowing over the spillway its surface will 
Elevation 214, making the pressure against the dam that due 
depth 224 ft. This exceeds very greatly the depth water against 
any other dam yet built. There practically back pressure from 
water the down-stream face the dam. 


The cement used was Portland, and was furnished the company, 
free cost the contractor, warehouse about 000 ft. north and 
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west the dam. the needs the work demanded, was issued 
the contractor, who transported the work scows wagons, 
and was responsible for its protection and safekeeping. 

was purchased under the following specifications: 

Chemical.—It shall contain neither free lime nor free magnesia, 
and not more than sulphate lime, and the magnesia and 
oxide iron shall not excessive. not over-burned 
under-burned. 

Fineness.—Not more than shall retained No. 100 sieve, 
and not more than 25% No. 200 sieve. 

Setting.—It shall not take its initial set less than minutes nor 
more than hours, nor set hard less than hours nor more than 
hours. 

Soundness.—It shall show soundness both the cold-water test 
and the hot-water test. 

Strength.—The neat cement shall develop tensile strength 150 
lbs. per square inch one day, and 600 days, and show 
increase 159% the next days. When mixed with sand, 
required for mortar, shall develop reasonable proportion the 
strength neat cement. Both neat cement and mortar show 
reasonable increase strength with age beyond days. 

The cement was tested Denver and then shipped railroad 
Buffalo, distance miles. From there was hauled teams 
over mountain road the dam, distance about miles. 
addition the tests made Denver, frequent tests for tensile 
strength mortar, taken from the mortar boxes the work, have 
been made, since 1902, the resident engineer. 
000 bbls. cement will required. amount, 000 bbls., 
used 1900, were the Wolverine Brand. the cement used 
since then has been the Iola Portland cement, made Iola, Kansas. 

The sand furnished the contractor and secured from 
gulch about 000 ft. north and west the dam. run through 
screen and washed, after which taken the dam scows 
wagons. actually used the work, contains, determined 
several analyses, less than one-tenth volatile and organic 
matter, and has about 31% voids. 

The mortar for laying the stone the face and the 
bottom and ends the dam, adjoining the solid rock, mixed 
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lbs. cement are taken cu. ft.; the mortar for the rest the 
masonry mixed the proportion The sand and cement 
are mixed dry, the proper quantity water added, and then the 
mixing continued. batch mixer, manufactured the Iroquois 
Works, Buffalo, Y., used for this purpose, and gives 
excellent results. located near the end the dam, and the 
mortar, after being mixed, dumped into cars which are moved 
along track built brackets the up-stream face the dam, 
shown Fig. Plate XVI. From this track the mortar hoisted 
the work the dam the several derricks used for setting stone, 
thus avoiding any interference with the other derricks, and ensuring 
the delivery the mortar the point where used. 

The stone used good gray granite. The stone for the up- 
stream face obtained from Quarry No. (Fig. distant about 000 
ft. north and west from the dam. The stones are rough-pointed, 
laid with horizontal beds and vertical joints, and the outside 
edges are made conform the curvature the dam. attempt 
made dress the exposed faces the stones. The specifications 
required them laid with joints, but this requirement was 
modified, with the approval the consulting engineers, per- 
mit joints, the belief that the thicker bed mortar would 
more nearly water-tight. The specifications also allowed these stones 
laid broken courses, but the contractors preferred have 
them uniform thickness, and all the face stones are uniformly 
thick. All joints are raked out depth ins. and pointed 
with mortar. The specifications required that one-fourth 
the face area should headers, from ft. long, not less than 
ft. wide, and evenly distributed through the wall. The stretchers 
were not less than ft. and not more than ft. long, with 
width not less than one and one-half times the thickness.. The stones 
for the down-stream face are not dressed, but are large and well 
shaped, and thickness approximating ft. They are selected and 
laid steps, give good appearance for rough work. The 
rubble for the interior the dam good-sized stones, well shaped, 
and laid break joints and bond all directions. laying 
the stones full bed soft mortar required, and, filling 
between the large stones, required that the shall first 
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filled with mortar and the smaller stones then worked down into it. 
This considered very important feature building water-tight 
masonry, and, far, has proved effective this case. During the 
past summer the water stood the reservoir about Elevation 97, 
and there was evidence leak even sweating the lower 
face the dam. The stone for the down-stream face and the interior 
the dam secured from Quarry No. (Fig. Plate XVII), situated 
just below the dam. transported from the quarry the toe 
the dam small cars, from which hoisted cars running 
trestle built along the face the dam. See Fig. Plate 
The building derricks take the stone from these cars needed for 
use the work. This arrangement for distributing the stone avoids 
any interference one derrick with another. 

The stones for the interior the dam are set bond verti- 
cally well horizontally, and special care taken not level 
the work any point throughout the thickness the wall. This, 
addition giving the proper bond, makes very difficult for water 
enter into seep through the dam. The photograph, Fig. 
Plate taken when the top the masonry was Elevation 131, 
fair illustration how the stones were disposed, and also shows 
the shape the stones used the work. the quarry, large masses 
stone are loosened with powder and are then reduced plug-and- 
feather the proper size for building into the dam. 


FOR REGULATING THE OUTFLOW. 


part the plan for building the rock-fill dam, already 
mentioned, was proposed draw the water from the reservoir 
tunnels driven through the granite mountain, shown the 
solid lines the plan and the Tunnel Line,” Fig. 
Plate XVIL. 

Before the writer’s connection with the work, these tunnels had 
been driven, and balance valve, protected grating, had been set 
permanently the intake the lower tunnel, shown Fig. 
Plate XIX. addition this, 42-in. twin valve had been set 
about the middle this tunnel, view which shown Fig. 


Plate XIX. The balance valve was designed operated 


hydraulic cylinder, the water supply for which was carried 
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pipes along the bottom the tunnel from its portal the valve, and 
waste pipe was provided the same manner. The twin valves 
were operated hydraulic cylinders supplied with water 
similar manner. The valves the 60-ft and 110-ft. tunnels had been 
provided, but were not set. 

The fact that provision had been made give access the 
working parts these valves when water was being drawn out through 
the tunnels seemed serious objection, and was met driving 
separate Manway tunnel,” shown the dotted lines Fig. 
Plate XVII, thus all times giving free access the working parts 
the valves and also providing safe means piping the water for 
operating them. was also thought advisable provide means for 
creating back pressure the valves the 60-ft. and 110-ft. tunnels, 
make them easily operated when the reservoir was full. For 
this purpose, ‘‘Tainter Gate,” operated hand, was designed 
and placed just below the junction the two tunnels, shownin 
Plate XVII, and Fig. probable that this gate may prove 
the best one operate, under ordinary conditions, for drawing: 
water out the reservoir. 


SPILLWAY. 


After the reservoir filled, the flood water will discharge from 
into the river below the dam, over spillway about 300 ft. long, 
Elevation 212. The south end the spillway about 200 ft. north 
the north end the dam, shown Fig. Plate XVII, and 
Fig. Plate XVI, and natural saddle the rock ridge. The 
surface the rock varies from about Elevation 195 the south end 
Elevation 225 the north end. Where the rock above Elevation 
212, excavated that level and the lower portion 
built with rubble masonry, similar that the main dam, 
Elevation 212 and top width ft. 

The maximum fiood recorded the river occurred June, 1900, 
and was 945 cu. ft. per second. Several times this volume water 
would discharge over the spillway before the level the lake would 
reach the top the dam. addition this the storage capacity 
the reservoir will act equalizer, and more than 000 cu. ft. per 
second can drawn off through the tunnels, 
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QUANTITIES. 


The principal quantities work involved the construction 
the reservoir, dam and appurtenances are follows: 


1.—Excavating 000 cu. yds. earth and rock for foundations. 

2.—Driving about ft. water and manway tunnels, and setting 
five valves these tunnels, and gratings the intakes. 

3.—Building 103 000 cu. yds. masonry. 

4.—Clearing about 000 acres timber and brush from the site 
the reservoir. 

The striking features the location for this reservoir and dam are: 

1.—A rocky, mountainous water-shed, producing but little vegeta- 
tion and containing population, which makes practically free 
from pollution. 

2.—A reservoir site, composed granite rock granitic sand, 
such contour give great depth and capacity with small surface 
area. 

3.—A site for the dam which affords good, solid foundations and 
narrow for the lower part the structure, thus making the 
quantity masonry required comparatively small. this added 
good rock foundation for spillway convenient location. 

The writer’s connection with this work ended May 24th, 1902, 
which time the masonry the dam was completed Elevation 
134, and the contracts then let provided for building Elevation 
210. The reservoir site had been cleared, the tunnels were nearly 
completed. contracts had been let for that part the masonry 
the dam above Elevation 210, nor for the excavation and masonry 
between the north end the dam and the north end the spillway. 
The general plan this part the work was shown Fig. Plate 
but the details, actually built, have been designed 
Alexander Kastl, Am. Soc. E., who has been Chief Engineer 
the company since May 24th, 1902. 

January 1904, the main dam was completed for nearly its 
entire length Elevation 217, and expected that the entire work 
will completed before July 1st, 1904. The masonry and excavation 
have been done under contract The Geddis and Seerie Stone 


Company, and all other work has been done the company day’s 
labor. 
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addition the Chief and Consulting Engineers already men- 
tioned, the following have been immediately connected with the work: 
James Maloney, Resident Engineer April Ist, 1902; Frank 
Horn, Am. Soc. E., Resident Engineer since April Ist, 1902; 


John Runner, Assistant Engineer; McGraw andC. Murphy, 
Inspectors. 


Part 
ANALYSIS STRESSES LAKE CHEESMAN DAM. 


Most the dams which have been built during the last years 
have been straight plan, depending upon their weight for stability. 

few cases, where the dams have closed very narrow valleys, 
they have been curved stream, and designed arches transmit 
all the thrust the water the sides the valley. There third 
type, still fewer number, located moderately narrow valleys, 
which have been made the full, nearly full, cross-section which 
would required for gravity dam, and, besides, have been curved 
plan. 

What practically standard method analysis stresses 
gravity dam, based upon the usual assumption uniformly varying 
stress, has been developed. This method simple, and may 
found, with variations, detail the textbooks and works upon 
masonry, and has been used the design practically all modern 
dams. 

The analysis stresses the purely arch dams has been made 
after still more common methods use for all masonry arches. Many 
objections this method treatment have been raised. The objec- 
tors have argued that the fact that the horizontal arch held rigidly 
the base the dam upsets the whole assumption that the dam acts 
simply arch. the arched form maintained and the thick- 
ness increased, that the structure has considerable strength 
gravity section, this argument has even greater force. 

The Lake Cheesman Dam belongs this last class, combination 
gravity and arch dams, and the analysis stresses was made three 
ways. 

the first its cross-section ‘was examined gravity section 
the methods gravity dams. 
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the second the stresses were computed when the dam was con- 
sidered simple horizontal arch. This was done only incidentally 
and with idea that the assumptions all approximated the actual 

-conditions, but shows what the strength the arch would 
could The dam could not fail without developing this 
strength. 

The third analysis takes account the combined action the 
gravity section and the horizontal arch. 

There nothing novel the first two treatments, and the only ex- 
cuse for this paper found the third. The method here used 
not itself novel, but has not been usually applied masonry dams. 

The analysis the stresses every engineering structure, with 
very few exceptions, based upon the assumption that all particles 
lying plane before stressing will lie plane after stressing, and 
that stress proportional strain, or, commonly expressed, 
the stress uniformly varying along any plane. 

This law distribution stress has been tested its correct- 
ness, when applied the common cases steel, timber and small 
masonry construction, the most refined laboratory experiments, 
and also the success countless structures for which has formed 
the basis design. Yet must have its limit practical application, 
great care should exercised extending new fields. 

open question whether not the application the law 
masonry dam, 150 ft. thick its base, unwarranted assumption. 
will probably remain until some one expends the time and money 
make the delicate measurements necessary solve the problem. 
While the applicability the law masonry dams not well 
[-beam, for example, there are very good 
theoretical reasons for believing that, even the law not rigidly 
correct when applied masonry dams, its error the safe side. 
Besides this, has been applied tothe design masonry dams for 
half century, and, far known, every successful dam satisfies the 
requirements stability which are founded upon the law, and all 
failures may explained either disregard those requirements 


other obvious reasons. 

Granting the correctness the above law, the stresses for any 
loading the structure may computed any one great 
variety methods. comparing these stresses with known safe 
limits, the safety the structure may judged. 
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the following computation the stresses thedam gravity 
section, the prism masonry included between two parallel, trans- 
verse, vertical planes, ft. apart, considered resist the water 
pressure against its up-stream face. 

This prism masonry considered divided into layers 
imaginary horizontal joints planes ft. apart, indicated 


The condition stress then computed each one these 


joints. 
Let the breadth the horizontal joint; 

weight the masonry above the joint, terms 
the weight cubic foot masonry the sec- 
tional above the joint (weight cu. ft. 
masonry 156.25 

=the horizontal thrust the water pressure acting 
above the joint, terms the weight cubic 

156.25 

the depth the joint below high water 214 the 
elevation the joint; 

the batter the up-stream face the dam the 
ft. above the joint; 

the batter the down-stream face the dam the 
ft. above the joint; 

the moment all the masonry above the joint about 

its up-stream edge; 

distance from the up-stream side the dam 

the resultant for reservoir empty 

the angle which the resultant for reservoir full makes 

with the vertical; 
tan.a= 


the coefficient friction required prevent 


sliding; 
=the distance between the positions the 
> 
for reservoir full and reservoir empty 


the distance which the resultant for reservoir empty 


falls inside the middle third; 
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the distance which the resultant for reservoir full falls 
inside the middle third; 
the vertical intensity pressure, pounds per square 
foot, the up-stream edge the joint, for reservoir 
312.5 
the intensity pressure, pounds per square 
foot, the down-stream edge the joint, for reser- 
312.5 
the vertical intensity pressure, pounds per square 
foot, the up-stream edge the joint, for reservoir 
312.5 
the vertical intensity pressure, pounds per square 
foot, the down-stream edge the joint, for reser- 


empty 
voir empty 


full 


The results the computation each horizontal joint are given 
Table No. 

usually required that friction alone should sufficient 
prevent sliding along any horizontal plane. This requires that the 
resultant any horizontal joint shall make angle with the vertical 
the tangent which less than the coefficient friction. 

the Lake Cheesman Dam there nothing like horizontal joint, 
for great care has been taken make vertical bonds, and the masonry 
can relied upon develop great strength shear. However, the 
required coefficients friction prevent sliding have been worked 
out the table. 

Two columns are also given showing the amount that the result- 
ants, for reservoir full and reservoir empty, fallinside the middle third 


each horizontal joint. 

The positions the resultants are plotted Fig. 

This treatment the curved dam must considered, best, 
approximation, and has force only assumed that two 
dams the same cross-section, one which curved, with rigid 
abutments, and the other straight, the curved one will least 
strong the other. 


295 


LAKE CHEESMAN DAM AND RESERVOIR. 


above 
joint. 


masonry edge 


up-stream reservoir 


x 


Distance 
between 
results, 

reservoir 
full and 


reservoir Tan. 


empty. 


18.46 


. « 


TABLE No. Dam LAKE CHEESMAN. 


RESERVOIR 


stream edge. 


Stress down- 


Ol CO 60 29 29 


RESERVOIR 
520 230 
2260 7740 
1540 
1560 10670 
064 
1150 
800 14240 
670 15500 
710 16600 
790 
910 18510 
1080 
1810 20130 
1590 
1900 
2280 
2560 
8410 660 
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was assumed that prism masonry cut parallel planes re- 
sisted the water pressure upon ft. length dam. reality, wedge 
masonry cut radial planes must resist this water pressure. 
the toe this wedge would only six-tenths its thickness the up- 
stream face. 

There little doubt that the curved form, the same cross-sec- 
tion, strong the straight, and the whole question might left 
here with confidence the stability But this only an- 
other way saying that the arch must carry its part the load, and 
relying without any measure how much this part is. 

was thought very desirable gain better idea what part 
the load resisted the arch and what part the gravity section. 
accomplish this, the following method analysis was used: 

evident that the load will divided between the arch and the 
gravity dam proportion their relative rigidities, and upon 
this that the analysis based. 

The gravity section might have been treated vertical cantilever 
beam projecting upward from the foundation. 

the stresses this beam had been computed the usual 
method treating beams, and these stresses corrected for the weight 
masoury lying above the section considered. the same results would 
have been obtained those given Table No. the following 
analysis this method was used. 

Any structure which resists force must suffer deformation, and, 
the material not stressed beyond its elastic limit, the amount 
deformation proportional the force which produces it. other 
words, the amount deformation measure the forces which 
cause it. 

The structure may built that one simple system deformed 
under load, the case simple girder simple arch; that 
case evident that the one system which deformed sustaining 
the whole load. If, however, two more systems are 
which would the case if, for example, the middle beam rested 
upon arch then follows that the load divided be- 
tween the proportion their rigidity. This the 
case the curved masonry dam. The thrust the water the up- 
stream face causes the dam deflect down stream. This means that 
the horizontal arch distorted and therefore resists certain amount 
thrust which transmits the sides the valley, and the dam 
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considered gravity section, or, pointed out before, can- 
tilever beam projecting upward from the foundation, also deformed, 
and therefore resists certain amount the load, which conducts 
the base The problem determine how much 
the load goes each way, and then test each system for its ability 
carry its load with safety. 

The method pursued divide the dam above Elevation 55, 
which, for reasons given later, will considered its base, 
into five arch rings horizontal planes Elevations 100, 130, 160 
and 190. expression will developed which will give the deflec- 
tion each these arches, terms its properties and the load 
which resists. 

Another set expressions will developed which will give the 
the points the dam the elevations the middle 
the arch rings, the dam considered vertical beam, terms 
the properties the vertical beam and the loads which resists. 

useless attempt exact solution the problem, the 
outlines the structure are not sufficiently regular, and enter into 
too great refinements would complicate the solution, which, best, 
somewhat involved. However, exact solution not necessary, nor 
especially desirable. whatever approximations are made are upon 
the safe side, and results can gotten which are known within 
limits which are not too wide, the solution nearly satisfactory and 
quite valuable, test the safety the structure, though 
were exact. 

the Lake Cheesman considered that the dam, acting 
arch, carries all the load, the stresses would not excessive. 
This, itself, very good guaranty the stability the dam, for 
should fail utterly gravity section could never carried 
away until hal failed arch, and seems safe against such 
failure. follows, then, that either feature the dam dan- 
ger must the gravity section, and, therefore, the safe side, 
assumption for the calculation, the one which throws the greater 
load upon the vertical cantilever gravity section. 

There are two assumptions that necessary make, simplify 
the work. 

First, assumed that the line thrust the arch coincides 
with its center line throughout its length. other words, the 
the fixed abutments neglected. This the safe side, for the 
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effect the fixed abutments stiffen the arch and make take 
more the load, leaving less for the gravity section. 

Second, assumed that the bottom the dam follows the 
dotted lines cin Fig. This, again, the safe side, for, the 


100 ft.- 


ft. 
300 
250 
150 


bottom the dam its middle were Fig. the vertical can- 
tilever would shorter, and therefore stiffer, than actually is, and, 
therefore, would take more load than actually does. Or, looked 
another way, the assumption places the bed-rock and implies 


FIG. 7 
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masonry below which stressed its down-stream edge to, say, 
000 per square foot, and must compress, allowing the dam 
deflect the middle still more than has been assumed, and throwing 
more the load upon the arches and less upon the gravity section than 
has Let Fig. represent section the dam its mid- 
dle, Fig. showing the section the horizontal arches. 
arches numbered from the top down, and let all subscripts refer 
this numbering. Consider vertical beam fixed Fig. and con- 
sisting the masonry enclosed between two vertical radial planes 
1.002 ft. apart the up-stream top edge the dam. Consider this 
beam rest against the horizontal arches Elevations 205, 175, 145, 
115 and 85, and suppose the water pressure concentrated these 


points. These pressures, terms the weight foot 
masonry, are: 


468 


Let the loads upon the vertical beams Elevations 205, 175, 145, 
115 and X,, X,, X,, and will assumed, for the 
moment, that the arches have uniform loading throughout their 
length. This loading must then Later, this assumption 
will shown warranted. 

If, has been assumed, the arch has hinged ends, its deflection 
will indicated Fig. that is, the deflection uniformly in- 
creasing from the ends toward the middle. 

Let sectional area arch ring; 

the radius its up-stream edge; 

the angle which the arch subtends; 

the thrust the arch ring; 

=the length the center line the arch ring; 

=the shortening the arch ring under compression; 

the initial position the crown the arch (see Fig. 8); 
the position the crown after deflection; 
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[Papers. 
the defiection the crown the arch; 
cot. 


The following are the values and cot. for the several 
arches: 


R,= 


7.1 


Before going farther, the stress 


the arches, the structure had 


resistance whatever gravity dam, will investigated. 
now have all the elements for substituting the approximate 


formula, 


for stress arch. 
115 400 156.25 


For arch, 504 000 lbs. per square foot. 

foot. 

For 5tharch, 500 lbs. per square 
foot. 


this seen that the arches would not over-stressed the 
dam had resistance gravity section. 
the following set equations results: 
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These are times the deflections the crown the several 
arches, terms the loads the vertical beam. 


These same deflections will now expressed terms the 
properties the vertical beam and its load. 


The deflection the dam, considered vertical beam, 
expressed the formula: 


MdM 
which the bending moment any point; 
=the moment inertia the beam; 


=the modulus elasticity; 
=the height the dam the total length the beam; 
defiection any loaded point, from the position 
the beam without loads. must measured 
the direction the action the load X,,. 
For the reason that this formula does not appear very generally 
textbooks, will demonstrated here. 


Let any beam acted upon loads X,, points 
Let the movement these points under load D,, 


passing from one condition loading another, work done. 
The total work all the external forces acting upon the beam 
the doctrine the conservation energy, this must 
equalled the internal work done distorting the beam. This 
internal work done lengthening and compressing the material, 
and stored potential energy the material, given back 
the forces are removed and the beam springs back its initial position. 
Fig. 
Let infinitesimal portion length, the neutral axis 
the beam under stress; 
the distance from the neutral axis any point, the 
section, 
the stress the point, 
4=cn; 


— 


j 
} 
| 
| 
f 
| 
q 
i 
q 


302 LAKE CHEESMAN DAM AND RESERVOIR. [Papers. 


position, 


The average force acting upon unit area and the dis- 
tance through which acts 


10. 
Then, neglecting the distortion caused shear, which practi- 


The work upon the whole prism, is: 


210 
r’ n’ w 
190 
170 
160 
150 
140 
© 
130 
120 
110 
100 
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The total internal work the whole beam is: 


1 


The total external work done upon the beam is: 


Equating external with internal work, and clearing fractions, 
have: 


—Z, 


Differentiating this equation with respect have: 
But, = 
and 
Substituting the values and zi, have: 


oO 


but 
therefore have 
D, = aP, Brey: Q. E. D. 


Let the bending moment any point between and 
Fig. 10, and between and and for and 

Let the average moment inertia between and p,, the 
same between and etc. 


Let the distance measured downward from any load roint 
toward the next. 
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a 


540 
3240 
800 
400 
000 
simplify the numerical work, the factor, introduced. 
Then, 


300 


a 


Or, making the proper substitutions, get: 


multiplying the values D,, etc., which were found 


from the arch, the factor, 36, have: 


6 E d, E 
4 fi 
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have now two sets expressions for the same thing. 
equating these get the following group simultaneous equations: 


Solving these equations get: 


X,= 420 
X,= 780 


These are the thrusts sustained the gravity section, and 
may now used place the actual compute the stresses the 
gravity section. 
The loads the arches are: 


P,— 


comparing these with the loading which goes the gravity 
section, seen that the arch carried nearly half the load the tcp, 
but only about half way down, and practically none the bot- 
tom. However, any assistance near the top gravity dam worth 
the same amount near the bottom. Table No. gives 
the computation stresses the trapezoidal section included 
between two radial planes for both the case reservoir empty and 
that reservoir full. For the horizontal thrusts water pressure, 
X,, ete., just found, were used down Elevation 70. Below this 
point the actual water pressures were used. this table, 

the breadth the joint; 
the width the up-stream edge the joint; 
the joint; 
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the batter the down-stream face the next above 
the joint; 
the weight all masonry above the joint, terms the 
weight cubic foot masonry; 
distance the center gravity the joint from its 
the moment all the masonry above joint about its up- 
stream edge; 


up-stream edge 


=the distance from the up-stream edge joint the 
the actual thrust the water against the 10-ft. layer next 


above joint, terms the weight cubic foot 


resultant for reservoir empty 


thrust the water against the 10-ft. layer next above 


joint which carried the gravity section (see the 
foregoing computation the effect arch 

=the moment about the joint all these loadings (X) 
which act above it; 


the distance between the resultants for reservoir full and 


reservoir empty 
moment inertia the joint about its center 


the vertical stress, pounds per square foot, the up- 
stream edge when the reservoir empty, 
the vertical stress, pounds per square foot, the down- 
stream edge when the reservoir empty, 
the vertical stress, pounds per square foot, the up- 
stream edge the joint when the reservoir full, 
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vertical stress, pounds per square foot, the down- 
stream edge the joint when the reservoir full, 
discussing Table No. should noted that with this 
ment the subject there question whether not the 
resultants fall within the middle third. That condition applies only 
when the horizontal sections are rectangular. However, show the 
effect the arch action upon the position the resultants, they are 
plotted Fig. 10. The line a—a shows the position the resultants 
for reservoir full the gravity section receives assistance from 
the arch form. The adjacent line shows the position the resultants 
for reservoir full when the gravity section assisted the arches. 

The last four columns Table No. are principal interest. 
They show tension and compression greater than safe for the 
excellent masonry used inthe dam. stress about 
000 Ibs. per square foot. There are two reasons why this stress 
can probably never developed. The lower ft. the dam 
deep, narrow, crooked and the toe horizontal straight 
line drawn right angles the dam will soon run into the solid 
granite rock the This shown very well Fig. Plate 
XVII. also probable that the masonry the dam itself will 
bridge across the narrow delivering much its weight the 
side walls. 

The position the resultants for reservoir full and reservoir 
empty, shown Table No. shown Fig. 10. 

The line shows the position the resultants for reservoir 
full the gravity section receives assistance from the arches. 

The assumption was made, the beginning the analysis, that 
the arches were loaded uniformly, and that their deflection increased 
uniformly from zero the abutments maximum the middle. 
have now show that the assumption was warranted. 

substituting for and for the equation giving the 
deflection the top arch, get 

100 


This the deflection the middle the assump- 
tion, the deflections, points the arch, one-fifth, two-fifths, three- 
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fifths and four-fifths the distance from the middle toward the abut- 

for the deflection the vertical beam gravity section, get 
the top arch. 

the base the dam follows the line Fig. then 
the points one-fifth, two-fifths, three-fifths and four-fifths the 
distance from middle toward the abutments, the base will 
Elevations 85, 115, 145 and 175. Computing the deflection the 
tops the gravity sections loaded with the bases 
which are these elevations, the are: 


ment, will 


which checks the values just found for the middle 


25000 16000 and 


These agree very well with those above, except the three-fifths 
and four-fifths points, where the deflection the beam much less. 
This means that the gravity section may take more load than and 
but abundantly strong carry all the water pressure and 
more, and seems that the assumption was warranted, especially 
account has been taken the stiffness the fixed abutment 
the arch, which would tend make the deflection the arch less 
near the abutments. 

will noticed that has not been necessary assign abso- 
lute value the foregoing analysis would have little value had 
been necessary so, for the modulus elasticity masonry is, 
not only different for each piece work, but different for different 
ages the same mass. 

has been assumed, simply, that the modulus the same, both 
for horizontal and vertical directions. There appears reason 
why this should not so. 

The value probably lies somewhere between 000 000 and 
000 000 lbs. per square inch, say This, terms the 


ft. for the deflection the top and middle point the dam. 
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Thus far, only the forces water pressure and gravity have been 
considered acting upon the dam. Besides the stresses induced 
these forces, there will internal stresses caused the change 
volume the mortar setting, the building portions the dam 
more rapidly than others, and certain portions cold weather and 
others warm weather. 

these stresses, probably those due temperature changes are 
much the greatest. The dam has been built nearly continuously, win- 
ter and summer, that practically impossible set the range 
temperature which will produce stress. When the reservoir full, 
about 30° Fahr. great change temperature can ex- 
pected. This would tend make the arch summer carry more 
load than has been attributed the analysis, and less winter, 
supposing that the dam always uniform temperature. Should 
the dam cooler the down-stream face than the other, which 
will nearly always the case winter, the effect would throw 
more load the arch, thus neutralizing the effect the winter con- 
dition the arch. Likewise, warm down-stream face would neu- 
tralize the effect the summer lengthening the arch. 

the dam should stand through cold winter with water 
against its up-stream face, cracks might expected the upper part, 
which was built for the most part summer. 


This the common 
experience with straight dams. 


The curved form, having greater flexibility, would tend reduce 
the number and size the cracks, and, dam like the Bear Valley 
Dam, the arch would probably flexible enough prevent them 
entirely. This cannot expected the Lake Cheesman Dam, but, 
doubt, will prevent any temperature cracks when the reservoir 
full. 

theoretical analysis stress always open more less doubt, 
and probably the best test design comparison with prece- 
dents whenever possible. 

Fig. shows superimposed profiles several dams which are 
comparable with the Lake Cheesman Dam, follows: 


The Villar Dam, Spain, built 1870 1878, rubble masonry, 
and curved radius 440 ft. 


The Chatrain Tache Dam, France, built 1888 1892, 
rubble masonry, and curved radius 312 ft. 
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The Furens Dam, France, built 1862 1866, rubble ma- 
sonry, and curved radius 828 ft. 
The Ban France, built 1867 1870, rubble masonry, 


and curved plan. 
The Periyar Dam, India, built 1888 1895, concrete, and 


straight plan. 


COMPARATIVE 


SECTIONS DAMS 


Sweetwater 


Periyar 


urens 


-New Croton 


Lake 


Fig. 
The Sweetwater Dam, California, built 1887 and 1888, 
rubble masonry, and curved radius 222 ft. 
The profiles shown broken lines Fig. are all dams 
which have been built and have been subjected pressure for some 
years, and are the best precedents existing. The five first named are 
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the highest dams the world which have been subject test. All 
except the Periyar are curved plan. The Sweetwater, however, 
the only one which the designers relied the arched form for 
strength. this case the arched form the main reliance, although 
the dam has considerable resistance asa gravity section. The adopted 
profile the Lake Cheesman Dam shown full line. Com- 
pared with all but the Sweetwater Dam, seems rather slender. 
There are, however, three conditions which offset this: 

The lower portion shown the profile little more than plug 
narrow The length this plug, direction transverse 
the dam, two three times its breadth, and can hardly con- 
ceived develop the stresses which might expected dam the 
base which long its top. The masonry being used prob- 
ably heavier and better than that any the five dams the profiles 
which lie outside it. Also, curved toa smaller radius than any 
these dams. 

The profile the New Croton Dam also shown This 
can hardly called precedent, for the dam not completed, and, 
course, has not been tested. The design, however, has been before 
the engineering profession for number years and has been ap- 
proved many men the best judgment. 
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THE BREAKWATER BUFFALO, NEW YORK. 


Discussion.* 


pleasure this admirable contribution the history the Buffalo 

Break water, and although cannot discuss the paper from tech- 
nical standpoint, yet, having been much interested the proposed 
000-Ton Barge Canal proposition for some years, has been espe- 
cially impressed with the magnitude the Buffalo breakwater and its 
bearing the commercial future the State New York and the 
nation large. 
strange fact that the building this breakwater has been 
the greatest factor bringing about the ratification the canal ref- 
erendum the last election. 
When the history this movement for canal improvement 
written, will made clear that the engineering ability Major 


Mr. Raymond. Esq. (by writer has read with 


Thomas Symons, A., designing the breakwater, and the care 
exercised Assistant Engineers Quintus and Low carrying out 
the plans, have been the greatest value the canal proposition. 

The value the breakwater harbor protection was evident, 
but the problem canal improvement needed some great impetus 
impress its value the people the State. 

The possible future the eastern end Lake Erie, point for 
making iron and steel, was recognized, but the harbor conditions 

Continued from 1904, Proceedings. See November, 1903, Proceedings, for 


paper this Emile Low, Am. Soc. 
Secretary, Canal Enlargement Committee. 
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Buffalo were such that was practically impossible secure suffi- Mr. Raymond. 
cient area land, adapted enormous steel plant and also 
ing deep-water facilities for the ever-increasing capacity lake craft. 
The practical completion the was sight when body 
men, very largely interested the iron and steel business, was 
looking for site the shore Lake Erie where adequate rail con- 
nections and suitable deep-water facilities could secured. They 
were also looking naturally for cheap water route, for their prod- 
ucts the seaboard, and for eastern and foreign ores moved 
their plant. 
The deep-water facilities furnished the breakwater, and the 
splendid railroad accommodations Buffalo, coupled with the possi- 
ble cheap water rate for foreign ores and those from Lake Champlain, 
together with the cheapest possible rate the seaboard their out- 
put, based the active agitation for the Barge Canal, 
induced these men locate Stony Point, inside the breakwater. 
This enormous plant, wherein being invested about $40 000 000, 
furnished the one great object lesson show the people the State 
what magnet cheap transportation offered the future iron and 
steel business this country, and thut the 000-Ton Barge Canal was 
needed round out the State’s manufacturing possibilities. 

There are numberless arguments favor the barge canal, and 
its ratification the polls, the largest majority ever given any 
similar proposition the history the State, evidence the thor- 
ough appreciation its future value; but one the strongest argu- 
ments was the manufacturing possibilities along its length, through 
the centering iron and steel interests along the Niagara Frontier. 

The Buffalo Break water alone made possible show the people 
that the iron and steel business would come them given proper 
encouragement, and building may very largely ascribed the 
final success the canal. 

The Buffalo Breakwater and the Barge Canal are the 
two greatest propositions, their respective lines, the world, and 
remarkable coincidence that they should intimately asso- 
ciated location and their effect the future commercial history 
and prosperity the State New York. 

The completion the Buffalo Breakwater, the building the 
Barge Canal and the construction ship around 
the rapids the Niagara River, which latter project now being 
actively urged Colonel Thomas Bingham, will insure forever 
the commercial supremacy the State New York and bring untold 
benefit the entire territory tributary the Great Lakes. 

Esq. (by letter).—The writer was engaged the mr. 
improvement Buffalo Harbor, Assistant Engineer, under 
Captain Harwood, Corps Engineers, A., and presents the 
following historical notes the early stages the werk. 
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The construction this great system breakwaters was com- 
menced the spring 1869. The construction under water con- 
sisted 50-ft. cribs, 12-in. hemlock. The lower courses, 
within ft. the water surface, were hemlock. Above this 
level, the superstructure consisted continuous 12-in. pine 
timbers, height ft. above the standard level the water. 
This standard was established the writer, under Captain Harwood’s 
direction, fixed bench-mark the lighthouse, 16.947 ft. above 
ordinary low-water level the lake the time. This level was 
adopted arbitrarily and has been used all subsequent observations. 
During the early years the work the stage the water was noted 
two three times day. These records, existence, should 
great value determining the variation the lake level. 

The following notes, relative the sinking the first crib and 
other initial work, are taken from the writer’s diary. 

Preliminary arrangements for laying out the work were made 
May 20th, 1869, and the lines the south and north breakwaters 
were marked buoys. 4th, the contractors had built Crib 
No. the full depth twenty-three courses. June 7th, the 
site Crib No. six piles were driven, the shape the letter 
with the interior angle facing that the crib would 
held securely when floated into position. 

The crib was towed position during the night June 8th, 
moonlight. The crib was placed that the proper corners fitted 
into the angles formed the L-shaped group piles and then sunk 
filling with stone. align this crib, lanterns were placed 
the line buoys. 

Cribs Nos. and were built and placed position similar 
manner. The placing cribs was continued during the summer 
1869, although the season was exceptionally stormy, that the work 
was prosecuted with difficulty, will appear from the following 
instances: 

July 19th, Crib No. was placed line and properly secured. 
July 21st, after about 200 cords stone had been placed the 
crib, sudden southwest gale carried away broke into two 
pieces, that fifteen courses were carried ashore. 

September 29th, Crib No. 11, which had been sunk 
ber 27th, was carried ashore. 

November 18th, Crib No. was washed ashore. Gales fol- 
lowed each other quick succession, and disaster after disaster 
resulted, the short length completed breakwater not affording 
sufficient lee for security the work construction. October 
23d, the last crib for the season was placed line, making length 
550 ft. work for the season 1869. 

The season 1870 was characterized calm weather, remarkable 
contrast that 1869. Crib after crib was placed position, and the 
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breakwater became once great boon the lake mariner Mr. Fell. 


affording safe lee stormy weather. 

to. the foundation conditions, Mr. Low 

the lake bottom the area adjacent the north end the 
breakwater generally rocky, overlaid with thin layer sand, 
apprehension seems have been felt placing the cribs directly 
thereon; fact, doubtful any extended examination the 
bottom, along the line the proposed work, was made considered 
necessary the time.” 

far any extended examination the lake bottom was con- 
cerned, this true. Partial examinations, however, had been made 
the writer, who began his work without previous knowledge data 
guide him. 

The first attempts were made the use augers attached gas 
pipes varying lengths, the pipes being coupled, usual, screw 
sleeves. The pipes were prevented from turning the joints in- 
serting iron pins into holes drilled through each pipe and sleeve. 
common auger was firs: used, and found unserviceable; worm” 
auger was then tried, with more success, but what termed 
auger gave the best results. carrying the boring operations two 
small scows were anchored position close each other, and connect- 
ing platform laid over the intervening space. The augers were operated 
from this platfrom. The greatest penetration obtained was about ft. 
through very soft clay. gravel was with great difficulty that any 
penetration, beyond few feet, could made. The augers, which 
were from ins. diameter, were too weak withstand the 
strain applied and broke continually. several instances the pipes 
were twisted out shape. The work progressed slowly any mate- 
rial excepting very soft clay. Heavy weights were attached the 
pipe order force the auger penetrate the strata, but without 
appreciable success. The only means judging the character 
the material was from the sound made the boring. Observa- 
tions made this manner were found unreliable. 

January, 1872, the writer made more extended investigations, 
the character the bottom material, through the ice. For this pur- 
pose there was used extra heavy gas pipe with outer diameter 
ins. and inner diameter in. and sections from ft. long. 
These lengths were joined with ordinary sleeves. The lower pene- 
trating end the pipe was furnished with sharpened steel shoe, the 
inner diameter which, for about in. length, was trifle smaller 
than the internal diameter the pipe. This shoe was attached the 
pipe prevent jamming the threads the screw driving. 
hardened driving head was also provided. 

For the purpose driving, pulling and handling the pipe, hand- 
power pile-driver was constructed for use the ice. was provided 


Proceedings, Am. Soc. for November, 1903, 959. 
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with runners more easily moved. horse was kept 
hand move it, absolute necessity when the snow was heavy. 
cast-iron hammer was used for driving. Operations with this 
apparatus were conducted with great success, and the bottom the 
lake was examined the rock bed. all cases the inside the pipe 
was partially filled with the material forming the lake bottom. After 
the pipe was raised the shoe was removed and the contents the pipe 
forced out with rod which closely fitted the inside the pipe. 
driving, the different velocities the pipe penetrating the various 
strata indicated their relative densities (or resistances), the depths 
being also noted. the pipe, when withdrawn, contained sample 
the material, the character each stratum was known. 

Owing the cold weather, the contents the pipe froze quickly 
that was necessary provide stove, protected tent, and 
use hot water for thawing out the pipe. The power afforded the 
windlass attached the driver was sometimes insufficient with- 
draw the pipe; when this was the case various combinations 8-in. 
and 12-in. pulley blocks were used connection with the windlass, 
which was manned five men. This additional power was required 
cases where the pipe had penetrated sand and gravel varying 
proportious. The average depth water the site the work was 
ft. The greatest penetration the pipe was ft. through red clay 
the solid rock. The greatest length pipe filled with material 
was ft. These borings showed that the foundation the cribs 
sunk during the season 1872 would soft clay, and that con- 
siderable settlement might expected. Therefore, special precau- 
tions were taken keep the cribs line piling heavily, and the 
superstructure was built the full height. Toward the close 
the season 1872, however, this foundation showed evidence seri- 
ous weakness, will appear from the following occurrence. 

September 29th, 1872, violent southwest gale set in, and 
increased fury during the following night. this 
day the work was intact, but the morning September 30th, 
was discovered that the whole the addition the season 1872 
had been displaced and had settled considerable extent. Cribs 
Nos. had settled that the top their superstructure, 
instead being ft. above water, was some places ft. below 
water. The cribs had also worked outof line considerable extent. 
This disaster emphasized the necessity for thorough examination 
the bottom the lake the line the proposed extension the 
break water. 

The following description plant used for examinations 
the lake bed the summer 1873 surveys for the Harbor 
Refuge Cleveland, Ohio. consisted scow 
and driver, which had formerly been used for driving stakes poles 


| | 
7 
q 
| 


DISCUSSION BUFFALO BREAKWATER. 321 


for fish nets. The scow was about ft. long, ft. wide and ft. Mr. Fell. 


deep. the stern was longitudinal open well, ft. long 
and 1.5 ft. wide, paddle wheel was placed. small up- 
right engine and boiler about H.-P. was used for propulsion and 
operating the boring apparatus. hammer was used driv- 
ing. With this plant, borings were made water from ft. 
deep, and penetration ft. made through shingle, quicksand and 
blue clay. these depths was found that there was considerable 
vibration the pipe, indicating the desirability using outer pipe 
larger diameter. The cost operating this plant was $30.50 
per day. 

During the spring and summer 1874 survey the harbor 
Buffalo was made the writer, under the direction Major Har- 
wood, for the Board Engineer Officers plant used 
for ascertaining the character the lake bed was designed the 
writer improvement that used Cleveland. was self- 
propelling rod driver,” and consisted scow ft. long, 
ft. wide and ft. deep, drawing ins. water. was provided 
with pile-driver, ft. high, placed one end, propelling wheel, 
working open well, the center, and steam engine the other 
end. The steam engine was used for propelling the scow and for 
operating the hammer used driving the pipes. The rod driver was 
built Buffalo and cost 600. 
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Discussion.* 


Mr. Assoc. Am. Soc. E.—As the low valuation 
some the roads mentioned Mr. Corthell, the speaker’s experience, 
based very close estimates some projected lines Northern 
Texas, estimates based actual final location lines, and very careful 
examination the ground, leads him believe that Mr. Corthell’s 
statement, that the valuations the Commission were apt low, 
correct. 

The Texas State Railroad Commission, while not, perhaps, ab- 
solutely infallible, is, the speaker believes, one the most efficient 
the country. Texas has led all the other States, miles new 
railroad built, for several years past, and fortunate for the rail- 
roads, well for the State, that the laws relating the railroads 
and the administration them has been efficient, and notwithstand- 


Continued from February, 1904, Proceedings. See January, 1904, Proceedings, for 
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ing the remarks, the courage promoters railroad lines Mr. Lavis. 


Texas, all the older roads are seizing every opportunity establish 
themselves advantageous locations. 

The general character the lines built recent years shows that 
there marked departure from the older methods location and 
construction. Where possible, with any reasonable, even con- 
siderable, expenditure, the maximum grades are not greater than 0.5 
compensated for curvature, which latter seldom exceeds 
degrees. 

recent law compels all existing steam railroads install in- 
terlocking plant all grade crossings with other steam roads, the 
expense, both installation and maintenance, borne equally 
the two roads. Where new road, however, proposes cross 
road already existing, the expense has borne entirely the new 
road, provided the Railroad Commission decides that separated 
crossing the point question not practical, and somewhat 
difficult demonstrate this the present commission. New railroads 
however, can well afford spend much from $25 000 $30 000 
avoid the expense the interlocking plant and its maintenance. 


Assoc. Am. Soc. E.—Although may Mr. Coverdale. 


seem far cry from the recent tragic death London pro- 
moter and the less pathetic situation now confronting the United 
States Shipbuilding Company the subject-matter this paper, 
yet the fact that these seemingly diverse matters are but different 
effects the mushroom growth which called over-capitalization. 
one hand, there unrestricted and perhaps unlawful development, 
resulting ruin; the other hand, there rigorous use the 
pruning knife that the normal growth stunted. 

The very first sentence Mr. Greene’s little book Corpora- 
tion Finance” that business man firm must borrow money. 
With the individual, with small firms and manufacturers many 
lines, the loan may take the form commercial paper; with the 
railroad, generally mortgage. The regulation the 
amount and character such mortgage one the most important 
matters upon which definite legislation needed. 

Those engineers who have been identified with railroads are 
doubtless aware that within the last fifty years railroad commissions 
have been established various States which deal, but means 
exclusively, with this matter. 

These commissions now exist New York, Massachusetts, Maine, 
New Hampshire, Vermont, Connecticut, Rhode Island, Pennsylvania, 
Ohio, Kentucky, Michigan, Wisconsin, Minnesota, North and South 
Dakota, Nebraska, Illinois, Iowa, Missouri, Texas, Arkansas, Cali- 
fornia, Virginia, Georgia, North and South Carolina, Tennessee, Ala- 
bama, Mississippi, Louisiana and Florida. 
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Seventeen States have railroad commissions. Many these 
commissions are mandatory, but some are merely advisory, and, 
indeed, the latter, some instances, have shown themselves quite 
proficient the mandatory commissions holding greater legal 
power. 

The Massachusetts Commission, which advisory, only, has 
developed along broad lines, and its efficiency well known. The 
Texas Commission, whose methods are under discussion, manda- 
tory, and also well and favorably known. All these commissions 
deal with questions public utility and convenience; questions 
rates and traffic; questions accounts, arbitration, and some 
cases capitalization. 

addition the State commissions there has been, since 1887, 
Interstate Commerce Commission. This Commission devotes 
much time rates and tariffs, and has done much better conditions 
doing away with pooling agreements and abolishing the system 
secret rebates. functions, however, have been limited, and 
some cases curtailed, Supreme Court decisions relative the 
intent the Legislative Act under which operates, and the main 
question absolute control railroad capitalization is, therefore, 
broadly speaking, untouched. 

When considered that there are some forty-nine State govern- 
ments exercising authority over the railroads this country, the folly 
looking such diverse interests for harmonious and concerted 
action seen. When considered, further, that one railroad 
property may extend over several States, and subject new set 
regulations and laws every time its tracks cross State line, some- 
thing seen the inconvenience and danger, even the existing 
conditions. The word used because multiplicity 
conflicting laws means observance none. When realized 
that only portion the traffic railroad can 
State legislation, namely, the business originating and terminating 
within the State’s borders, and that even the import and export traffic 
through billing and from interior points not affected the 
rulings the Interstate Commerce Commission, seen that the 
present methods control are inadequate and that evasions the laws 
may made with ease. 

The present conditions, although many 
mark substantial progress over those obtaining few decades ago. 

The years from 1850 the beginning the War marked the rapid 
growth railroads the Middle West, and the consolidation into 
trunk lines the various smaller companies throughout the more 
thickly populated Eastern States. those days the railroad was, 
name and fact, private corporation operating without restrictions 
rates and methods. To-day the railroad public-service cor- 
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poration, and such measure subject Government restric- Mr. Coverdale. 
tions rates traffic, public convenience, and publicity opera- 


tion. 

1868 1872, during which years many the western roads 
were constructed, the over-capitalization these new lines was such 
that, notwithstanding Government land grants and money bonuses, 
disaster was not averted the panic 

The lesson learned then has not been forgotten, and the conser- 
vatism to-day substantial character when compared with past 

Disregarding the possibility Government ownership control 
railroads, too radical departure from present conditions, and 
considering only Government supervision all matters, including 
traffic rates and capitalization, and proceeding, also, upon the basis 
rates which competitive traffic will bear, the question may now 
asked: Wherein consists the security railroad mortgage, and 
what assets may with propriety considered collateral therefor?” 

answering this question necessary keep mind the essen- 
tial difference between mortgage real estate manufacturing 
plant and mortgage railroad property. Land real value 
which may readily ascertained, and its value asa mortgage security 
that percentage its market value which can obtained for 
forced sale; manufacturing concern has also real value such as- 
sets real estate, plant, stock and finished product, and such 
property should wreck for more than the amount its outstanding 
obligations. 

railroad, true, has some real assets the way land, 
roadbed, buildings, and rolling stock, but produces from this prop- 
erty nothing but that intangible, highly perishable commodity called 
transportation; must operate even loss prevent utter ruin; 
cannot devoted other uses; cannot sold under foreclosure 
because its use restricted, and purchasers, therefore, few, but 
must generally reorganized upon more conservative basis, which 
means loss security holders. 

railroad mortgage, therefore, secured only part its 
physical assets, notwithstanding the legal phraseology the bond, 

and part its franchises and special privileges which contribute 
its earning power less than its rolling stock and track. 

Inasmuch post facto law has never been general favor, 
seems improbable that readjustment capitalization existing roads 
could made Government authority, except reorganiza- 
tion. such times, with full statistics available, valua- 
tion could made the following manner: Take the average yearly 
gross earnings and deduct therefrom the average operating expenses 
plus proper amount for annual maintenance, taxes and betterments; 
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then, reserve fund, set aside such amount will the course 
few years provide surplus against fluctuations business, and the 
balance, capitalized, will represent the amount securities which the 
property worth. 

deducting from this sum the physical cost value the 
property, the proper value the franchises, good will, earning 
capacity secured. 

For example, take railroad earning gross income $10 000 000 
per year. Texas would 000 miles long, the average 
gross earnings railroads that State are about per mile. 
Deduct now 70% for operation, maintenance and taxes, which, again, 
fairly represents actual conditions, and there remains balance 
000 000. 

Out this sum set aside the gross earnings, $500 
for reserve fund, and there balance 500 000. 

Capitalizing this balance gives total $50 000 000, which 
represents the total value the property. The average cost con- 
struction and equipment per mile, determined the Texas Com- 
mission, about $16 000, that the physical value the railroad 
would $32 000 000, leaving actual value $18 000 000 
ascribed franchises and earning power. 

This total valuation would the rate $25 000 per mile, 
against $46 691 per mile, which was the average Texas 1900, just 
prior the act under which the Commission was created; and, 
against $16 120 per mile, which the average for all the Texas rail- 
roads which the Commission has valued. 

Such amethod conservative when compared with uncontrolled 
capitalization, and approximates actual conditions more nearly than 
the restricted method which considers physical values only. 

The foregoing figures represent both bonds and stock, and for two 
reasons: The first that the Texas Commission figures include both 
classes securities; and the second that railroad stocks should 
have investment value rather than speculative value. 

the case new roads, where earning statistics are available, 
these could estimated, conservative basis, from adjacent roads, 
they could omitted entirely and temporary partial valua- 
tion made the cost construction. Such valuation should sup- 
plemented the more liberal basis soon the earning capacity 
the road demonstrated; and valuations both old and new roads 
provision should made for increase capitalization commensurate 
with growth earnings. 

The speaker has spent considerable time Texas railroad work, 
and acquainted, superficially, with the methods the Commission 

had the pleasure being railroad inspection trip 1902 
with the author, and was much impressed with the thoroughness and 
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care evinced, even matters small detail. The Texas Commission Mr. Coverdale. 


has had wholesome effect Texasrailroading, and popular both 
with the railroads and the public. 

closing, the speaker wishes note three pertinent items: 

First.—The Texas railroads constructed prior the passage the 
act 1893 seem have advantage over those built since, their 
capitalization unaffected. Perhaps this fallacy, however, 
more than them were the hands receivers when the law 
took effect. 

Second.—Railroads doing interstate business are not affected 
the matter capitalization, are those entirely the State, for the 
reason that they can still issue blanket mortgages covering the whole 
property irrespective the Texas law. 

Third.—The practice the Commission, allowing first cost 
construction without depreciation, seems favor unduly those roads 


which are not maintained properly, and there are several such 
Texas. 
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THompson and WERNER 


read this paper with much interest. 

The ground pipes for the shaft the Chapin Mines, Iron Moun- 
tain, Mich., were put down the Chapin Mine Company, and have 
before the School Mines Columbia College, New York City. This 
piping was finished the summer 1888, and, August that year, 
the writer was ordered General William Sooy-Smith, President 
the Poetsch, Sooy-Smith Company, take charge the work. 

The design the circulating piping and the whole installation 
this plant was one the writer’s most interesting experiences. There 
were stand-pipes, each with specially designed head, the 
8-in. cap being special casting; also the connection above the 4-in. 
nipple; and every joint was soldered, make certain that there would 
leakage. The intake pipe was extended down ins. 
above the bottom the 8-in. stand-pipe, thus giving ample space for 


This discussion (of the paper James Brace, Assoc. Am. Soc. E., printed 
Proceedings for 1904), printed Proceedings order that the views 
expressed may brought before all members for further discussion. 

Communications this subject received prior April 23d, 1904, will published 
subsequently. 


School Mines Quarterly, Vol. X1, 237. 
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The refrigerating machine was started November 19th, 1888. Mr. Thomas. 


twenty-four hours all the piping above ground and the circulating 
pumps were coated with frost. Previous starting the freezing, the 
writer had put down system test pipes afford information 
the distance the freezing had extended from the pipes. 

The explosives used were lime, black powder, and then dynamite. 
Large were thrown out each blast, the frozen material 
being strong that the charge would split boulders instead yield- 
ing before them. 

The frozen sides the shaft were also very firm. depth 
ft. was excavated before any timbering was put in, and, depth 
ft. below the surface, space ft. was left untimbered. 

The leak which developed was caused boulder the rock 
under one the stand-pipes, and this proved valuable experi- 
ence. The temperature the water coming into the shaft under this 
boulder was +45° Fahrenheit. 

The adjustment the circulating fluid, harmonize the tempera- 
tures the twenty-six stand-pipes, was one the difficulties, and 
was overcome the use valves the stand-pipes. There was not 
variation 0.1° the temperature any the stand-pipes. Re- 
cording thermometers were used and gave good results. 

Tests the frozen material gave the results: 

Average four tensile tests 431 lbs. per square inch. 


From August, 1888, when this work was started, the writer was 
alone, and working continuously, night and day. Mr. Moran came 
assist January 14th, 1889, and the work was finished early the 
spring that year. was the writer’s purpose have written 
paper this subject, but other work prevented. perfect his- 
the finer material through which the shaft passed. One boulder 
weighed more than tons. 

This system holding flowing material, such silt, quicksand, 
any form unstable subsoil, absolutely safe and reliable. Experi- 
ence has demonstrated that refrigeration can safely stopped for 
hours, even days, after the frozen material has reached consist- 
ency which understood strong enough withstand the required 
pressure. comparison with the pneumatic process, the fact that 
there excessive pressure the workmen its favor. 
The temperature the bottom the shaft Iron Mountain was 
—25° Fahr., and was not any discomfort the men when working. 
Such work, however, must looked after carefully from start 
finish, there being law compensation all things. 
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Moran, Am. Soc. E.—This paper valuable that. 
gives résumé the literature the subject. the opinion 
the speaker, not engineering paper the subject the 
freezing method; but résumé the literature. very modest, 
and the author has made claims for beyond the fact that 
condensation what could find printed the subject. The 
speaker would like see the subject treated more ambitious 
scale, taking the theory, the practice and the results accomplished. 

The entire subject seems interest every engineer. 
new field, America least, and the problems presented are 
interesting and complicated, they involve thermodynamics and 
statics. Civil, mechanical and mining engineers are all interested. 

regretted that one has thought worth while 
investigate the freezing process, and give answers many the 
questions, which, far, seem unanswered. Some these 
involve the higher mathematics, and the speaker has tried solve 
them, but without success. desirable have answers certain 
questions which must arise wherever this process used. 

The only work done the freezing method America, far 
the speaker aware, has been charge civil engineers, who are 
members this Society, and probably most them live New 
York. The author refers one two articles written members 
this Society, and notes minor discrepancies therein. These 
crepancies could have been explained any one the four men 
who were the works. the case one alleged failure which 
records, the author took the trouble inquire and write letters 
ascertain the difficulty. best the speaker’s knowledge and 
belief, the author did not ask any one the four members this 
Society who knew the real reasons why there was failure 
partial failure that work; but, wrote elsewhere, and received 
reply from man who not civil engineer nor member this 

Society, the result being, that, while much the information obtained 
was true, was not engineering answer his question and it. 
leaves much explained. 

These criticisms are made because this subject great interest.. 
They are made with all the more earnestness, because, while the 
author has not expressed his own opinions nor recited single 


experience, nor advanced single theory his own, the speaker 


believes that has ideas, understands the theory the subject, and 
has had some experiences record, and therefore would call him 
for his own ideas, experiences and theories, rather than the best 
possible printed literature, which available all. 

The author thanked for having presented this paper, 
because gives those who not care make search 
read interesting paper and get the literature the subject. But 
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would have been better the author had considered the problem Mr, Moran. 
from the standpoint scientific engineering, and had given some- 
thing more than record failures and successesin foreign countries, 
which failures successes are not explained, and, which, 
frankly confesses, some the most important and interesting points 
can only left guesswork. 

The speaker firm believer the freezing process. The prob- 
lems relate the conductivity materials, the specitic heat the 
materials frozen, the so-called latent heat the water 
tained the material, the rate transmission heat through mate- 
rial, and the effect varying the temperature the brine relatively 
the temperature the material involved. 

has been stated that the size the ice machine required could 
determined the specific heat the material frozen and the 
percentage water contained that material were known; but some- 
thing must added, because ice machine has something 
beyond the zone freezing. This represents loss, and one the 
interesting questions settled before any calculation can made 
the exact number refrigerating units. These are only few 
the interesting questions theory. There are also interesting 
questions detail. One was touched upon the paper, and related 
the rupture the pipes. Iron Mountain, described Mr. 
Thomas, pipes were sunk the rock pilot pipes, and 8-in. 
pipes, sealed the bottom, were then inserted inside the pilot 
pipes. The exterior 10-in. pipes were then withdrawn, leaving the 
8-in. pipes contact with the soil. The circulating pipe was then 
put inside the 8-in. pipe. There was trouble with any these 
pipes. Wyoming the same process was followed, certain 
point. The 10-in. pilot pipes were driven and smaller pipes 
were placed inside them, and then attempt was made with- 
draw the exterior pipe. Ina number cases failed come out, 
and the circulating pipe was put and the ice-machine started, 
leaving pipe outside the freezing pipe. Thus annular 
space full water was left between the two pipes. The first effect 
the freezing was freeze thin film ice the exterior the inner 
pipe. The inner pipe had sleeve couplings; the exterior pipe was 
flush the joints, both inside and outside. The conductivity through 
the sleeve couplings was the same the conductivity through the 
pipe and the thickness ice was the same. The result was that the 
frozen wall water extending out from the inner pipe first met the 
exterior pipe opposite these sleeve couplings, which were ft. 


apart. The interesting experiment was thus had certain quantity 
water freezing confined space. There were interior and 
exterior cylinder, and annular space filled with the confined water. 
soon the water commenced freeze expanded. might have 
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Moran. been expected that the expansion would burst the exterior cylinder; 


instead that, sheared the 8-in. pipe under the coupling that 
when the pipe was withdrawn, long afterward, came pieces, 
and was seen that the thread had been sheared. was case 
shear, not case tension; and the explanation very simple. 

That brings another practical question relating the ground 
pipes and the whole system. What becomes the water? case 
mentioned the paper where was expected that this same experi- 
ment would repeated, but larger scale, freezing 
confine the water. When the water freezes, what will happen? The 
speaker thinks there nothing apprehended that score. 
There might slight relative motion the pipes the ground, 
but block ice under pressure glacier elsewhere can 
broken and will yet freeze again under pressure and suitable tem- 
perature, the speaker believes similar action would have taken 
place here, and therefore trouble need have been apprehended from 
that source. the rupture occurred, could heal itself. That 
one the beauties the freezing process. 

The Wyoming shaft was finished the pneumatic process. The 
story told old professor who, when experiment failed, said: 
this experiment has not failed. experiment can 
Inthat sense, the experiment Wyoming did not fail. The 
material was frozen. The work was done Mr. Sooysmith, and the 
speaker was there occasionally, but had nothing with carrying 
out the work designing it, any more than had Iron Mountain, 
because only went the last-named work assistant Mr. 
Thomas; while, Wyoming, had position except that 
observer. can say that the Wyoming experiment taught him 
great deal about the freezing process, including that little point about 
the pipes. 

The freezing process has its limitations, has every other system. 
That the ground was frozen, was proven when the pneumatic caisson 
was sunk, months afterward, because was then necessary 
through the frozen ground. The speaker does not wish describe 
the various things that happened that Wyoming shaft. Mr. 
Sooysmith had given his personal attention, the speaker sure 
that many things that did happen would not have happened. 
freezing job much like experiment physical laboratory, 
that has with things that the ordinary superintendent does 
not understand. engineering problem and laboratory ex- 
periment large scale, and ought thustreated. article* 
the Iron Mountain shaft, written the speaker, from which some 
the illustrations the paper are reproduced, there calculation 
the amount freezing effect required freeze the sand. 
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speaking freezing the sand, what meant the reduction the Mr. Moran. 
temperature the sand, and the amount freezing effect required 
freeze the water the sand. Iron Mountain the percentage 
water was very low, only per cent. The speaker was surprised 
find how much the freezing effect was required freeze the water 
and how little was required reduce the temperature the 
but the proportions are not remembered. very small fraction the 
total effect required reduce the temperature the sand and 
water. Where there rock the conditions are reversed, because there 
very small percentage water rock, and, therefore, can 
frozen very quickly, has been shown the case every freezing 
job. was shown Iron Mountain, where the pipes went down 
through nest boulders and the freezing effect had extended 
much greater distance from the pipes than sand containing only 
17% water. Most the experiments mentioned the paper have 
been with inadequate ice machines. The modern ice machine 
capable, desired, giving temperature 50° below zero, 
and therefore gives very much greater results. was stated the 
paper that the pipes should ft. apart. One question which 
would desirable consider the basis which the lay-out the 
pipes must designed with different degrees temperature the 
ice machine. Iron Mountain, the temperatures were little 
below freezing point that many days but little progress was made. 
has been suggested that all ought interested this ques- 
tion because practically all who have had any outside work know how 


warm weather. If, when difficulty met, that difficulty can 
turned around and made help the next time, the result success. 
made help. expensive excavate frozen material when frozen 
material not wanted, but when desired change soft, wet, 
flowing material into something that hard sandstone, freez- 


ing machine should used put the material into the desired con- 
dition. 


Assoc. Am. Soc. E.—The speaker has examined Mr. Abbott. 
the literature the freezing process applied shaft work, and 
has studied its proposed application tunneling wet ground. 
The records shaft work are not complete could desired. 
Although information about the performance refrigerating ma- 
chinery well known may easily obtained test, exact data 
are required what happen: below the ground line, reference 
the ice and soils, and what extent their conduc- 
tivity increased reduction temperature. 

The results laboratory tests the conductivity ice, made 
different physicists, vary greatly, and can reconciled only 
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Mr. Thomson. 


the supposition that they were made different temperatures 
under some other unknown conditions, which would indicate that the 
law its conductivity not well known. 

While much practical information has been obtained various 
works, can only applied properly other places when the 
conditions are similar, and where they are not similar usual 
provide liberal excess refrigerating power cover any unforeseen 
demand. The cost refrigeration itself generally but small pro- 
portion the total cost work. 

Thanks are due the author for his compilation many data 
which will assist further investigations, and hoped who 


have opportunity for obtaining exact information the subject will 
place record. 


the Harlem Speedway without giving any American references. The 
following given for the sake completing the record. Messrs. 
Steward and McDermott were the contractors for this work, and Mr. 
McDermott states that, after 000 had been expended for labor, 
attempting hold the water back freezing, they were obliged 
abandon this process failure for that particular locality. The 
Mr. Steward this firm was the late Herbert Steward, Assoc. Am. 
Soc. E., and Mr. McDermott Mr. Charles McDermott, now the 
firm McMullen and McDermott. now Washington, C., 
and doubt would glad give further information desired. 

would seem the speaker that the freezing process should only 
attempted where the depths are too great for the use compressed 
air, that is, where the water more than 1(0 ft. deep, the com- 
pressed-air method cheaper, quicker and more reliable. 

The author states that the freezing process has been proposed for 
the Pennsylvania Railroad’s Hudson Rivertunnel. Therethe material 
penetrated the finest kind silt. the freezing process 
were used for this work the tunnel lining, course, would bave 
placed against the frozen material, and when this material subse- 
quently thawed out would leave the tunnel floating practically 
jacket water. The author refers case where soil water contain- 
ing salt was frozen doubling the capacity the freezing 
apparatus, and, the other hand, states that someone the South 
has made unsuccessful attempt freeze mine. anopen 


question whether the Hudson River silt does not contain too 
much salt water freeze readily. 


most cases quoted the author stated that was not 


considered safe blast, and that the frozen material was chopped 
out with chisels, picks, Frozen earth the most difficult 
material the speaker has ever seen excavated. removing the 
remains old Rocky Mountain snow slide the Canadian Pacific 
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Railroad, blasting made almost impression, each blast simply Mr. 
blew out small hole. 

hoped that the gentleman who controls the American 
patent rights the Poetsch system will explain why many the 


attempts this country have been failures, for failures often teach 
more than successes. 


Werner Assoc. Am. Soc. E.—Through the cour- Mr. Boecklin. 


tesy the York Manufacturing Company, builders refrigerating 
machinery, the speaker able present the Society data, the 
form proposal made him, with specification, covering plant 
suitable for excavating purposes. 

The specification, including the principal items, foilows: 

One H.-P. steam engine the horizontal type, with 12- 
in. cylinder, direct-connected two gas pumps vertical, single- 
acting type, with cylinders. This machine guaranteed 
give duty equal the melting tons ice hours. 

One ammonia condenser, the atmospheric type, consisting 
two coils ammonia pipe, each coil about twenty-four 
pipes high and about ft. long. 

One ammonia receiver and oil separator, the former being 
air-tight tank receive the ammonia condensed. 

One brine cooler, double-pipe style, one pipe inside the other, 
consisting two coils 2-in. and 3-in. pipe. 

One brine tank sufficient capacity hold about one-third the 
total quantity brine circulation. 


One brine pump large enough force the brine through the sys- 
tem. 


One H.-P. horizontal tubular boiler, with 60-ft. smoke stack 
ins. diameter. 

One feed-water pump, ins. 

One feed-water heater H.-P. capacity. 

The proposal includes all necessary piping and fittings, twenty- 
one freezing tubes, ins. diameter and 103 ft. long, with 14-in. 
circulating pipes and circulating and collector rings, sufficient 
quantity ammonia charge the system and sufficient quantity 
chloride calcium make the needed brine proper density. 

The cost the machinery and accessories, furnished and erected, 
exclusive the placing freezing pipes, will approximate 250. 
This figure will not more than out the way. 

The foundations for the engine and compressors, the boiler setting 


and the structure for housing the machinery, are items not included 
the foregoing price. 
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Discussion.* 


follow the reasoning and develop the author’s formulas that part 
the paper relating the spherical dome with homogeneous sur- 
face, the writer, being unable check some the expressions there 
given, even accept some the hypotheses upon which they are 
based, has worked out the problem different manner, 
and presents the results the hope that they will, least, bring out 
further discussion. 

The author’s Equations relating the surface properties 
sphere, are correct and fundamental, though the reason for the 
development Equation not apparent, merely expresses the 
condition previously assumed, the weight each square unit 
the surface 

Let Fig. represent vertical section through the axis 
hemisphere, cut two parallel with the equator 


Continued from February, 1903, Proceedings. See December, 1903, 
for paper this subject Schmitt, Assoc. Am. Soc. 
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height, 
Then the weight 
the portion the 
hemisphere above the 
cutting plane 
and the portion 
below that plane 

Consider, now only, 
the spherical sector in- 
cluded between merid- 
ians distance apart unity their intersection with the cutting 
plane, and the weights the respective portions will be: 

Rap Rhp 

Before considering the sector the whole hemisphere, take the 

upper portion only. The forces acting the base this are: The 


Mr. Wads- 
worth, 


reaction the support the weight the meridional tan- 


gential thrust, and horizontal force, 


From similar triangles, 


2 => 


the value determined the author. 
or, 


But the ring stress this point (see the author’s 
the first derivative this expression zero gives the value 


which makes B,, maximum, 0.618 and, for this value 
B, = 0.3 R? p- 


are the ring stresses (tension) bases domes terms for 
values (the height the base above the equator) ordinates. 

Referring again Fig. 42, and remembering that, since the ring 
stress the equator zero, just determined, there will 
tendency for the dome spread this point, there will be, acting 
the lower portion the sector the dome, the tangential meridional 
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2p 
thrust, the weight the lower portion, itself 
acting the center gravity the arc, and the force, 


acting the cutting plane. 
maintain equilibrium, the algebraic sum the moments 
these forces must zero. 


Taking the point moments the equatorial base the sector: 


Calling the ring stress this point, then 

From Fig. readily seen, easily demonstrated, that 
theorem that the area surface revolution equal the length 
the generating curve multiplied the distance described the 
center gravity the curve. 

this case, the length the arc sin. and the dis- 


tance traveled the center gravity The area 
the zone has been found Rh; 


Fie. 
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Mr. 
and substitute for its value, 


and the result 


The curve represented this formula also shown Fig. 43, 
the ring stress any parallel, height, above the equator, given 
the abscissa the curve that point. 

will noticed that this curve crosses the zero line stress 
0.618 determined the author; and will noticed, also, 
that this latter height, already pointed out, the position the 
base dome, less than hemispherical, which gives the maximum 
base ring stress. 

The curve ring stresses hemispherical domes shows the maxi- 
mum tension 0.5 approximately, and that the tension 

For practical application masonry dome, let the thick- 
ness the masonry, feet, also the unit surface measurement. 

Let the weight the masonry per cubic foot; 
then 

Let the radius the dome, feet being the radius 
expressed the units which was the weight square unit), 
then 

Then, the expression, 0.11 substitute for and the 
values just found, and the result 

the tensile strength the stone pounds per square inch, 


144 pounds per square foot, the strength ring having 
width and thickness will 144 


Sol 
olving for gives 


According Table No. the dimensions the dome the Santa 


Sophia Cathedral Constantinople are 57.5 ft., 
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ft. (this the thickness assuming that the thickness 


varies uniformly from ft. the top ft. the base; 
then 162 Ibs. per square 


inch, tension the (The weight the stone per cubic 
foot assumed 160 Ibs. w.) 

course, the fact that this dome built with varying thickness 
from base top, and that buttressed, renders the formulas herein 
derived not exactly applicable; but would seem that the builder did 
not depart widely from good practice, far the strength the 
stone itself concerned. 

Further, the fact that, the base, the ring stress zero, makes 
the openings, which the author states there ate forty, unob- 
jectionable. 

called the fact that Rankine, Schwedler and Dr. Robison are men- 
tioned the paper those who solved the problem the stresses 
spherical dome long time ago.” 

the use trigonometrical functions practical working 
formulas, the writer will give two examples: 

1.—The stress hemispherical any altitude, is: 


Wherein the angle from the vertex, and the elevation the 
joint question above the equator. 

2.—The thrust, single load, two-hinged circular arch, 
Winkler: 


Wherein, Winkler’s formula: 

angular measure half the arch; 

measure the load point from the vertex. 
Engesser’s formula (origin one the hinges); 

span; 

ordinate the load point: 

half the length the arc; 

the length the arc, from the origin the load point. 
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Professor Church has called attention the following paragraph Mr. Schmitt. 
relation Case II, page 1104:* 


reckoned per unit length and for one unit length 
along the meridian,” etc. 


When writing this the writer had mind the co- 

related behavior the shearing stresses the four faces ele- 

ment, considered free, and which are all, and are always, the same 
intensity per unit area. 

This theorem demonstrated all handbooks applied me- 
chanics, and the writer sees reason why, this instance, should 
fail work. 

All who are referred Professor Church’s Mechanics 
where, under Shearing will found the 
theorem stated above. 

Now, this case, the spherical square, situated 
the base the dome, and which each side measures one unit 
length. 

If, now, the shearing stresses, along the meridional sides this 
element, are caused the thrust, (acting per unit length the 
circumference), true, untrue, that the ring stress, per unit 
length along the meridian, the same intensity the stress, 
the unit area being common both? 

this reasoning and elusive,” Professor Church may, 
possibly, remove some the obscurity the meaning and 
applicability this theorem, the qualifications clearness 
would attach thereto, cannot made use of, this case, also. 

The following theorem submitted proof the statement that, 
the base any dome, the tensile ring stresses, and the shear- 
ing stresses, are the same intensity, and equal the known 
meridional compressive thrust, 

Theorem. —When, upon two opposite sides rectangular element 
(whereof each side measures one unit length), there acts 
plied” compressive force, magnitude and upon 
the other two sides tensile stress, then this 
induced stress the same magnitude the 
applied force. stresses along the 
four sides this element must also the 

same intensity. 
Fig. 44, considering equilibrium 
diagonal direction, the resultants the com- 
pressive and tensile stresses (of two adjacent 
sides), must pass through opposite corners 


Edition 1888, paragraph 209, page 228. 
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Mr. Schmitt. the element, and have inclination 45° any the sides, for, 


this should not take place, the shearing stress components the 
resultants would not equal magnitude, which, however, for 
equilibrium, they must be. also follows that all the stresses have 
the same intensity. 

the stresses spherical and conical domes, given the 
second part the paper, and there from the general case 
the pyramoidal dome, will necessary prove that the formulas 
for this general case are defective, before making exceptions the 
results obtained from them for conical domes. 

Professor Church finds, for the compressive ring stress, any 
altitude,” conical dome: 


This wrong. This expression represents simply the compressive 
ring stress the top truncated dome. The writer would suggest 
that, this case, the tensile ring stress the base given cone 
found first, and then the compressive stress the top 
truncated cone, reference acommon radius, and then add the 
results. 

Professor Church finds the ring stress all conical domes, whether 
complete, truncated, with without lantern load, and any angle 


inclination, always circumferential compressive stress, and 
equal 


Assuming self-contained conical dome, standing upon open- 
jointed, circular, stone base Fig. 
45), the question arises: What must 
the magnitude the tensional 
resistance the bottom course 
this cone? There doubt that 
this stress tensile one; otherwise, 
the dome would spread, and would 
not self-contained. The next ques- 
tion is: What induces this tensional 
stress? the inclined reaction, 
force, and what that force? the writer claims, this force, 
and induces tension, then the ring stress, will increase 
increases, say, for instance, through the action lantern load. 

Continuing, Professor Church writes: 

90°, the cone becomes cylinder, infinite height, 
which case, course, there hoop stress either kind the 


horizontal course; but, from Equation 71, this hoop stress, for 
angle 90°, would tensile, and infinite value.” 
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This can admitted the most likely thing occur, since the Mr. Schmitt. 


value also becomes infinite. Not much the cone would remain 
that instance, least not much the bottom course. But, 
assuming, also, with Professor Church, that truncated cone, just one 
unit measure height, and with inclination 90°, dealt 
with, then, evidently, 

That is, this cylinder subjected compressive ring stress, 
increasing with the square ofits radius. This result, therefore, would 
seem manifestly erroneous, far Professor Church con- 
cerned, because, writes, there are ring stresses cylinders 
ing Professor Church’s reasoning, and the use the formula 
established him. 

Professor Church seems given somewhat hair-splitting, 
when objects having apparently combined the action stresses 
not located the same parallel altitude, but instead just above 
and just below the same, respectively, and was done the paper 
the case the ring stresses any altitude spherical dome, 
under Case With little imagination perceived that 
when wished discover the combined action these stresses for 
mere point, then the courses which these stresses take place, and 
are combined, coincide, that is, overlap one another. 

Professor Church cites Rankine’s Applied corrob- 
oration the correctness the results obtained him for conical 
domes. 


Referring Equation for the ring stress any altitude 
spherical dome, namely: 


and the same the parallel altitude, 0.618 that is, 
However, Rankine writes: 
and from this angle obtain, for the horizontal thrust the dome, 
per unit periphery the joint rupture, 
0.382 pr; 
and for the tension hoop resist that thrust, (7)” 
The writer believes that Professor Rankine here error. 
mentioned, there ring stress the (misnamed) joint 
rupture; consequently hoop needed there. The compressive 
effect the (overhanging) top course the lower part, offsets, 
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Mr. Schmitt. equal amount, the tensile, spreading, effect produced the bottom 


course the upper part. 

The facts the case are these: the dome extended from the 
crown further than the joint rupture, and were form 
self-contained shell, then hoop would needed around the base, 
accomplish The hoop would have resist tensile stress 
B=0.618 and not, Rankine has it, 0.3 

If, however, the dome complete half sphere, and, also, 
assumed self-contained shell, then the lower part (below the 
joint rupture) must designed conform strength the 
requirements Equation 15, reinforced hoops. 

the tension zone (the lower part) the dome now constructed 
stated, will resist effectively all the meridional downward press- 
ures brought bear upon from above, and this without the 
assistance hoop the joint rupture. 

Having thus shown that Rankine has evidently made statement, 
relative the stresses spherical domes, not borne out the facts, 
possible, therefore, that his deductions for the ring stresses 
conical domes, also, are erroneous. 

answer Mr. Wadsworth’s discussion properly, necessary 
have clear conception the sense and direction, and the magni- 
tude the external forces, acting, the one case, the top course 
the lower part, and, the other case, the base the upper part. 

The two cases are radically different, regards the question 
determining resultants and components. 

Fig. 46, which represents the ex- 
ternal forces acting the top open 
dome, the forces, and are the com- 
ponents the initial force (weight) 

Therefore, when these components, 
and are considered their action upon 
the top course, they once represent the 
effect that is, drops out the com- 
putation this case. 

Now, since the inclined meridional 
component force, taken up, directly, 
the next lower course, the component, 
having effect upon the top course, accordance with Case 

Fig. 47, which represents the external forces acting the base 
the upper part adome, Hand are the components, and 
the resultant these two. 

this case, therefore, necessary enter into the computa- 
tions, either the two forces, and together, else only the 
inclined meridional upward reaction, Mr. Wadsworth neglected 
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analyze the external forces 
this manner both instances, and 
did not consider that, open 
dome, the top course forms 
equilibrated compression; 
further, that the weight and the 
stresses the lower courses have 
effect whatever upon any the 
upper courses, except the case 
two superimposed (i. overlap- 
ping) courses, under Case ITI. 

the other hand, all lower 
courses are affected the upper ones, that is, the inclined 
meridional thrust, due the weight these courses. 

the lower supporting courses, and below the joint rupture, 
tensile ring stresses are created thereby, and, the case 
hemispherical dome, tensile stress the base produced equal 

Mr. Wadsworth has treated the lower part spherical dome 
were part cylindrical vault. The stresses dome have 
nothing common with the stresses arch. mistake 
assume the whole the lower part the dome have effect upon 
the bottom course the upper part. 

The writer considers all the formulas established for the stresses 
domes the paper correct. 


Schmitt. 
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MEMOIRS DECEASED MEMBERS. 


will reproduced the Volumes Transactions. Any informa- 
tion which will amplify the records here printed, correct any errors, should 
forwarded the Secretary prior the final publication. 


JAMES PETER BOGART,* Am. Soc. 


24TH, 1903. 


James Peter Bogart, son John and Henrietta Candee Bogart, was 
born New Haven, Connecticut, February 28th, 1852. 

His early education was obtained the public schools New 
Haven, and completed his course the Hillhouse High School 
1869. then entered the Sheffield Scientific School Yale Uni- 
versity, taking the course civil engineering, and receiving his 
degree 1872. 

After graduation was employed Mr. Scofield, 
Bridgeport, Connecticut, general engineering work for about three 
years. 1875 entered the service the United States Coast and 
Geodetic Survey, and was employed for three years, under 
Bache, charge plane-table survey the region the vicinity 
New Haven. Upon the completion this work, returned 
Bridgeport and again entered the employ Mr. Scofield, where re- 
mained for about three years, during which time detailed survey and 
map the entire city was made from which official atlas the city 
was printed. 

1881, the Legislature Connecticut appointed commission 
promote the new and rapidly increasing interests the deep-water 
oyster-growing industry. This commission appointed Mr. Bogart 
its Engineer, position which filled for about eleven years. 
During this time executed very careful triangulation the Con- 
necticut shore Long Island Sound from the Connecticut River 
Greenwich, length about seventy miles; established exten- 
sive system signals and ranges for locating the boundaries the 
oyster beds the Sound, and surveyed and mapped 000 acres 
oyster farms. 

This was employment for which was peculiarly well fitted. 
His natural thoroughness, together with the training received 
the service the Coast Survey, made him exceedingly precise and 
painstaking his work. Where such important and diverse in- 
terests those relating the establishment boundaries be- 
tween these oyster farms were concerned, Mr. Bogart’s characteristic 
honesty, industry and carefulness were special value. 


Memoir prepared Charles Ferry, Am. Soc. 
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During this period also served Engineer the commission 
which, acting with similar commission from the State Rhode 
Island, established and defined the boundary line, below high-water 
mark, between these two States. 

1892 bought out the business Mr. Frank Bruen, who for 
several years had conducted engineering office New Haven, 
and took into partnership Mr. William Sperry, who had previously 
been Mr. Bruen’s assistant. This partnership continued until 1899, 
when Mr. Sperry withdrew and Mr. Bogart subsequently conducted 
the office alone. 

His familiarity with the boundaries the oyster beds, the thor- 
oughness with which performed his work, and his strict integrity, 
created great demand for his services cases dispute, between 
owners adjoining oyster beds, settling the correct location 
boundary lines. 

His work lay principally along the line surveying, rather than 
engineering, and was always executed with great care and with high 
degree precision. 

Mr. Bogart was pre-eminently man domestic habits, and 
found his chief pleasure his home and the society his family. 

Mr. Scofield, whose employ Mr. Bogart spent many years 
his professional life, thus writes: 

was painstaking, conscientious workman, detail being 
too small receive careful investigation. Mr. Bogart, though nat- 
urally retiring disposition, was courteous gentleman, genial 


companion and loyal friend; and, while fully recognizing the rights 


others, was thoroughly insistent the maintenance his 
own.” 


was member the Connecticut Society Civil Engineers and 
also the New Haven Chamber Commerce. 

1888 married Miss Helen Day, daughter Warren and 
Eliza Day, Bridgeport, who, with two daughters, aged, respect- 
ively, fourteen and six years, survive him. 

Mr. Bogart was elected Junior the American Society Civil 


Engineers January 4th, 1882; and became Member July 3d, 
1895. 
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MINUTES MEETINGS. 


THE SOCIETY. 


April 6th, 1904.—The meeting was called order 8.40 
Alfred Craven, Director, the chair; Chas. Warren Hunt, Secretary; 
and present, also, members and guests. 

The minutes the meetings March and 16th, 1904, were 
approved printed the Proceedings for March, 1904. 

The paper for the evening, entitled Phenomenal Land 
Clarke, Am. Soc. E., was read title, and the Secre- 
presented letter relating the present condition the work 
written the author since the paper was published. 
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Francis, Am. Soc. E., gave description the re- 
cently constructed Lackawanna and Wyoming Valley, double-track, 
third-rail, electric railroad from Scranton Wilkesbarre, Pa., illus- 
trated with lantern slides. 

The Secretary announced that contract had been signed for the 
purchase the Society the lot, 116 ft., the west the 
Society House. 

Ballots for membership were canvassed, and the following candi- 
dates elected: 


MEMBERS. 


Evanston, Wyo. 
Gustav Phoenixville, Pa. 


MEMBERS. 


Francis ALBERTSON Duluth, Minn. 

Frank Lewis Cincinnati, Ohio. 

Orro San José, Tamaulipas, Mexico. 
Ernest Rorreck New London, Conn. 
Frep May Green, New York City. 

THEODORE Ottawa, Ont., Canada. 
LEFFLER, Cleveland, Ohio. 
Lewis, New York City. 
New York City. 
CLARENCE WEBSTER Raynor, Kansas City, Mo. 
Bown Arkansas City, Ark. 
HERBERT Meriden, Conn. 
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ASSOCIATE. 
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Montreal, Que., Canada. 


The Secretary announced the transfer the following candidates, 
the Board Direction, April 5th, 1904, from the grade As- 
sociate Member the grade Member: 


MEMBERS. 


New York City. 

James Pittsburg, Pa. 

Francis, Peterborough, Ont., Canada. 


The Secretary announced the election the following candidates, 
the Board Direction, April 5th, 1904: 


JUNIORS. 


Henry Pheenixville, Pa. 
Dana Beaver, Pa. 
FREDERICK VAN Mt. Vernon, 

ALFRED WHEELER Jersey City, 
New York City. 
SHELLEY, Cornwall, Cal. 


Adjourned. 


April 20th, 1904.—The meeting was called order 8.50 
George Pegram, Director, the chair; McMinn, Assistant 
Secretary, acting Secretary; and present, also, 120 members and 
guests. 

paper, entitled ‘‘Lateral Earth Pressure and Related Phe- 
nomena,” Goodrich, Jun. Am. Soc. E., was presented 
the author. communication the subject from Bonzano, 
Am. Soc. E., was presented the Acting Secretary, and the paper 
was discussed Messrs. Stanton, Richard Lyman, Virgil 
Hewes, Dunham and the author. 


The Acting Secretary announced the death the following mem- 
bers 


Henry elected Member May 1884; died 
March 25th, 1904. 


elected Member July Ist, 1885; died April 
18th, 


Adjourned. 
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THE BOARD DIRECTION. 
(Abstract. 


April 5th, 1904.—8.40 m.—President Hermany the chair; 
Chas. Warren Hunt, Secretary, and present, also, Messrs. Buck, 
Craven, Croes, Curtis, Davison, Deyo, Ellis, Gowen, Jackson, Knap, 
Lewis, Lewis, Modjeski, Noble, Osgood, Pegram, Webster, 
and Wilgus. 

Resolutions were adopted authorizing the purchase lot, ft. 
front, with average depth 116 it., immediately adjoining the 
present Society House. 

The Secretary was authorized open and count the ballots the 
proposed Committee Concrete and Steel-Concrete,” and report 
the result the next meeting the Board. 

Applications were considered and other routine business trans- 
acted. 


Four Associate Members were transferred the grade Member, 
and eight candidates for Junior were 


Adjourned. 


See page 167. 


7 


ANNOUNCEMENTS. 169 


ANNOUNCEMENTS. 


every day, except Sundays, Fourth July, Thanksgiving Day and 
Christmas Day. 
MEETINGS. 

Wednesday, May 4th, 1904.—8.30 m.—A regular business 
meeting will held. Ballots for membership will canvassed, and 
paper, entitled Lake Cheesman Dam and Reservoir,” 
Charles Harrison, Am. Soc. E., and Silas Woodard, 
Assoc. Am. E., will presented for discussion. 

This paper was printed Proceedings for March, 1904. 


Wednesday, May 18th, 1904.—8.30 this meeting two 
papers will presented for discussion, follows: ‘‘The Gatun 
Dam,” Ward, Am. Soc. E.; and The Collapse 
Building During Construction,” Parsons, Am. Soc. 


Both these papers are printed this number Proceedings. 


Wednesday, June ist, 1904.—8.30 m.—A regular business 
meeting will held. Ballots for membership will canvassed, and 
will presented for discussion. 

This paper printed this number Proceedings, 


ANNUAL CONVENTION, 1904. 


The Thirty-sixth Annual Convention will held St. Louis, Mo., 
during the week beginning October 3d, 1904. 


UNIVERSAL EXPOSITION, ST. LOUIS, 1904. 

The Society has undertaken provide for engineering exhibit, 
and the establishment Headquarters for visiting engineers, and the 
Board Direction has appropriated sufficient funds defray the 
necessary expense. 

This matter the hands the following Committee: 

Am. Soc. E., St. Louis, Mo., Chairman. 

Epwarp Am. Soc. E., Chicago, 


James Frazier, Frankfort, Ind. 
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INTERNATIONAL ENGINEERING CONGRESS. 


The following list gives the names engineers who, special 
invitation the Committee Charge, have promised review the 
development engineering practice their respective countries 
during the past ten years. 

No. 


Dover Harbor, England. 

Am. Soc. E., St. Petersburg, Russia. 
The Great Lakes. 

The Sea Coast. 


Am. Soc. E., Capt., Corps 


NATURAL No. 


Am. Soe. E., Zurich, Switzerland. 
ARTIFICIAL No. 


Inst. E., Chief Engr., Manchester 
Ship Canal, England. 


LIGHTHOUSES AND OTHER AIDS No. 
The United States Lighthouse 
Inst. E., Chief Engr., Trinity 
House, London, England. 
TRAFFIC IMPROVED WATERWAYS, No. 
Am. Soc. E., New York City. 
For Domestic Use. 
Hazen, Am. Soc. E., New York City. 
For the Production Steam. 
James Chief Chemist, Pittsburg Testing 
Laboratory, Pittsburg, Pa. 
TURBINES AND WATER No. 
Joun Am. Soc. E., Philadelphia, Pa. 
No. 
Am. Soc. E., Chief, Irrigation 
Investigations, Washington, 
Sir Brown, G., Inst. E., Late 
Chief Inspector Irrigation, Lower Egypt. 
RAILROAD No. 
Am. Soc. E., New York City. 
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UNDERGROUND No. 10: 
Parsons, Am. Soc. E., Chief 
Engr., Rapid Transit Comm., New York City. 
E., Central London and City and South London Rail- 
ways, England. 
LOCOMOTIVES AND OTHER ROLLING No. 11: 


Supt., Great Western Ry., England. 


LIVE LOADS FOR RAILROAD BRIDGES.—Subject No. 12: 
Henry Am. Soc. E., New York City. 
THE SUBSTITUTION ELECTRICITY FOR STEAM MOTIVE 
No. 13: 


James Am. Soc. E., New York City. 
ALEXANDER Inst. E., London, England. 


SEWAGE No. 14: 


Assoc. Am. Soc. E., New York 
City. 


DISPOSAL MUNICIPAL No. 15: 
Am. Soc. E., New York City. 
VENTILATION No. 16: 
Am. Soc. E., Chief Engr., 
Norfolk Western R., Roanoke, Va. 
Francis Fox, Inst. E., London, England. 
HIGHWAY No. 17: 


JAMES Am. Soc. E., Newark, 
Massachusetts Highway Comm., Boston, Mass. 


CONCRETE AND CONCRETE-STEEL.— No. 18: 


Am. Soc. E., New York City. 


DEEP No. 19: 
Joun Am. Soc. E., New York City. 


THE MANUFACTURE No. 20: 


Past-Pres., Am. Soc. E., Pitts- 
burg, Pa. 


TESTS MATERIALS No. 21: 
Steel. 


Timber. 


Lanza, Am. Soc. Boston, Mass. 
Cement. 
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PASSENGER No. 22: 
Brown, Am. Soc. E., New York City. 
PUMPING No. 23: 


Ohio. 


Mayo Assoc. Am. Soc. E., New 

Orleans, La. 
DREDGES: THEIR CONSTRUCTION AND PERFORMANCE.—Sub- 
ject No. 24: 


Am. Soc. E., Montreal, Canada. 
Am. Soc. E., Memphis, Tenn. 


STEAM No. 25: 
Francts Am. Soc. E., Pittsburg, Pa. 
ELECTRICAL POWER—GENERATING STATIONS AND TRANS- 
MISSION.—Subject No. 
NAVAL ARCHITECTURE.—Subject No, 27: 


Inst. E., late Director Naval Construction, 
England. 
MARINE No. 28: 


DRY DOCKS.—Subject No. 29: 


Am. Soc. E., Rear Admiral, Chief 
Bureau Yards and Docks, 


No. 30: 


Royal Gun Factory, Woolwich, England. 


No. 31: 


MINING No. 32: 
ENGINEERING No. 33: 


Assoc. Am. Soc. E., Prof. Civil 
Engineering, Dartmouth Coll., Hanover, 

Dean Eng. School, Washington 
Univ., St. Louis, Mo. 


Hill College and City and Technical College, 
London, England. 
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No. 35: 


Geological Survey, Washington, 
The United States Coast and Geodetic Survey. 
WHARVES AND No. 37: 
Joun Am. Soc. E., Engr. Chief, Dept. 
Docks and Ferries, New York City. 
THE MANUFACTURE No. 38: 


Assoc. Am. Soc. E., Philadelphia, 
Pa. 


PRIVILEGES LOCAL SOCIETIES EXTENDED MEMBERS 
THE AMERICAN SOCIETY CIVIL ENGINEERS. 


The Boston Society Civil Engineers will welcome any member 
the American Society Civil Engineers its library and reading 
room, 715 Tremont Temple, Boston, which open week days 
from Members will also welcome the meetings, 
which are held the same building the evenings the fourth 
Wednesday January, and the third Wednesdays other months, 
except July and August. 

The rooms the St. Louis Engineers’ Club, the business center 
St. Louis, will kept open during the World’s Fair season, May 
1st December 1904, and visiting engineers are cordially invited 
use them for mail, telephone service, information, etc. 

The courtesies the Engineers’ Society Western Pennsylvania 
have been extended members the American Society Civil En- 
gineers. The rooms the Society, 410 Penn Ave., Pittsburg, Pa., 
are open all times, and meetings are held follows, except during 
July and August: Third Tuesdays; 
Thursdays following third Tuesdays; 
first Tuesdays; Fourth Tuesdays. 
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REPORT COMMITTEE CO-OPERATE STANDARD- 
IZING ABBREVIATIONS, SYMBOLS, PUNCTUATION, 
ETC., TECHNICAL PAPERS. 


This Committee the result desire the authorities 
charge the publications the four national engineering societies 
co-operate this matter. 

The members the Committee are the following: 

Secretary, American Society Civil 
Engineers; Vice-President, American Society 
Engineers; Assistant Editor, American 
Institute Mining Engineers; Chairman, The 
Editing Committee, American Institute Electrical Engineers. 

This Committee has held several meetings; seemed advisable, 
the outset, limit its discussions closely the general subject 
abbreviations. Further, seemed best formulate few general 
rules followed making abbreviations, rather than compile 

The Committee decided limit the subject more narrowly 
considering only abbreviations used the text, general 
reading matter, and not those used special matter, such 
columns, box-headings, plates, figures, etc. The rules that follow 
are intended apply the text, and not primarily such special 
matter. This Committee the opinion that impracticable 
make general rules applicable special matter; believes that the 
rules herein stated should followed far possible even 
special matter, realizing, however, that clearness the first 
importance, and that all rules must secondary that consideration. 

Referring, then, abbreviations the text general reading 
matter, the Committee the observance the following 
rules: 

1.—Use abbreviations only after nouns denoting definite quan- 
tity. Example: power plant has capacity p.,” not 
horse power;” but, ‘‘The capacity the plant, horse power, 
ten.” 

2.—Do not abbreviate abstract descriptive words. Example: 
Horizontal return tubular boilers,” not 


‘ 


3.—Use lower-case characters for abbreviations. exception 
this rule may made the case words spelled normally with 
capital. Example: u.” and not u.,” nor U.” 
(British thermal unit). gal.” (United States gallon). 
(Brown and Sharpe gauge). 
4.—Use period after each abbreviation. compound abbre- 
viation, not use space after the period. Example: and 
not p.” (indicated horse power). 

5.—Use hyphen connect abbreviations cases where the 
words would take hyphen written out hyphen 
used, omit the period immediately preceding the hyphen. Example: 
kw-hr.” and not kw.-hr.” kilowatt-hours). 

6.—Use all abbreviations the singular. Example: 
and not lbs.” (17 pounds); in.,” and not ins.” (14 
inches). 

7.—Never use ‘‘p.” for per,” but spell out the word. Exam- 
ple: ft-lb. per ton” (100 foot-pounds per ton); ‘‘60 miles per 
hr.” (60 miles per hour). 

8.—Use decimals, far possible, place vulgar fractions. 
Example: ft.,” not ft.” 

9.—In general, spell out adjective qualifying the name 
unit. Example: Boiler h.p.” (boiler horse power). The exceptions 
this rule are: ‘‘i.h.p.” (indicated horse power), (electric 
horse power), (brake horse power), (electromotive 
force), (magnetomotive force). 

10.—Use not Example: Fig. 3,” and not 
Figure 3.” 

11.—In all decimal numbers having units, cipher should 
placed before the decimal point. Example: 0.32 not 

12.—In the notation large numbers, use ‘‘en” spaces instead 
commas. Example: 520 125,” not 1,520,125.” 

13.—Use the word by” instead giving dimensions. 

14.—Never use the characters indicate either feet and 
inches, minutes and seconds periods time. 
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The following forms are given illustrations these rules, and 


are recommended used: 


in. Minutes.... ...... min. 
gal. Centigrade........ cent, 

Millimetres............. mm. spell out. 
Centimetres.... ....... spell out. 
Kilometres. .... km. spell out. 
Kilogrammes........... kg. kw. 
Milligrammes.......... mg. watt-hr. 
sec. spell out. 

Name. Abbreviation. 
kg-m. 
m-kg. 

Brake horse power..... 
Electric horse 
Indicated horse 

British thermal units.............. B.t.u. 
Gramme-calories 
Kilogramme-calories........ kg-cal. 
Magnetomotive force.............. 
Electromotive 
Revolutions per minute............ rev. per min. 
Miles per hour per second......... miles per hr. per sec. 

Watts per candle-power............ watts per c-p. 
Mean effective spell out. 
High-pressure cylinder........... spell out. 


I 
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The members this Committee have agreed recommend the 
authorities charge the publications the four national engineer- 


ing societies, follow the rules given herein, their respective pub- 
lications, far possible. 


New York, March 11th, 1904. 


Jos, STRUTHERS, 
Cary 


The Publication Committee this Society has adopted the recom- 
mendation the above report, and the rules given will fol- 
lowed its publications, far possible. 


SEARCHES THE LIBRARY. 


January, 1902, the Secretary was authorized make searches 
the Library, upon request, and charge therefor the actual cost 
the Society for the extra work required. Since that time many such 
searches have been made, and bibliographies and other information 
special subjects furnished. 

The resulting satisfaction, the members who have made use 
the resources the Society this manner, has been expressed 
frequently, and leaves little doubt that, were generally known 
the membership that such work would undertaken, many would 
avail themselves it. 

The cost trifling, compared with the value the time 
engineer who looks such matters himself, and the work can 
performed quite well, and much more quickly, persons familiar 
with the Library. 

Copies all lists references are filed, that many cases 
only necessary make typewritten copy, which reduces the cost 

asking that such work undertaken, members should specify 
clearly the subject covered, and whether references general 
books only are desired, whether complete bibliography, involving 
search through periodical literature, desired. 
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ACCESSIONS THE LIBRARY. 
From March 9th April 12th, 1904. 
DONATIONS.* 


THE THEORY AND PRACTICE MODERN FRAMED STRUCTURES. 


Designed for the Use Schools, and for Engineers Professional 
Practice. Johnson, Inst. E., Am. Soc. E., Am. 
Soc. E., Bryan and Turneaure. Eighth Edition, 
Partly Rewritten. Cloth, 11x8 ins., pp., illus. New York, 
John Wiley Sons, 1904. $10.00. 


The preface states that this edition considerable part the work has been 
entirely rewritten and many changes made other parts bring them into harmony 
with the best modern practice. the theoretical part the book, the chapters 
truss analysis for uniform loads have been entirely rewritten. Several changes have 
been made the chapter wheel-load methods; the chapter conventional loads 
has been rewritten, and that lateral nearly new. the second part, the 
chapter the design plate girders has been rewritten, and that the design 
pin-connected railway bridge entirely so. basis the new designs used 
these chapters, the American Bridge Company’s specifications 1900 have been adopted 
being suited for this purpose. are given full appendix. The book 
divided into two parts: Part Theory Framed Structures; Part II. Structural 
Design. There are three appendices and index nine pages. 


STEAM BOILERS, THEIR THEORY AND DESIGN. 


Cloth, ins., 12+375 pp., illus. Longmans, Green, and Co., 
New York, 1903. $4.00. (Donated the Author.) 


This book comprises series lectures delivered the senior class the Rens- 
selaer Polytechnic Institute, Troy, Y., rewritten and divided into chapters. The 
only originality claimed the author for the work the effort cover such points 
practical office work may found perplexing. The Contents are: Physical Prop- 
erties; Combustion; Fuels; Furnace Temperature and Boiler; Boilers and 
Steam Generators; Chimney Draft; Materials; BoilerDetails; Boiler Fittings; Mechanical 
Stokers; Artificial Draft; Incrustation; Corrosion; General Wear and Tear, Explosions; 
Chimney Design: Smoke Prevention; Testing, Boiler Coverings, Care Boilers; Super- 
heated Steam. There index six pages. 


THE LAY-OUT CORLISS VALVE GEARS. 


Sanford Moss, Am. Soc. Reprinted from The 
American Machinist, with Revisions and Additions. Cloth, ins., 
108 pp., illus. New York, Van Nostrand Company, 1903. 
cents. 


This volume attempt treat the Corliss valve gear theoretical point 
view. endeavor made treat the motion from rational 
standpoint. discussion given the theoretical principles underlying the kinematic 
design iscommonly called. Thisis followed directions for making 
lay-out the drawing-board. Reference also made tbe Corliss valve motion 
with double wrist-plate and cut-off. For the sake completeness pre- 
liminary account given the usual mechanism Corliss valve gear. Beyond this 
description nothing given concerning the detailed construction the various parts, 
the kinematic features only, rather than the constructive features, being considered. 
The Chapter headings are: Description the Corliss Valve Gear Mechanism; Opera- 
tion Corliss Valve Gears; Fundamental Influence the Angle Advance; Relative 
Motions Eccentric, Wrist Plate and Valves; Theory the Corliss Wrist Plate; Valve 
Displacement Curves; Selection the Arbitrary Dimensions Corliss Gear; Laying 
out the Single Wrist Plate Corliss Gear the Drawing-Board. 


TOWERS AND TANKS FOR WATER-WORKS. 
The Theory and Practice Their Design and Construction. 
Hazlehurst, Am. Soc. Second Edition, Revised and 


Enlarged. Cloth, 9x6 ins., 324pp., illus. New York, John 
Wiley Sons, 1904. 


this edition, eliminations have been made, and typographical and other errors 
have been corrected; the work throughout has been largely revised and rewritten, and 


otherwise specified, books this list have been donated the publishers. 
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many new illustrations have been added. The new matter includes record stand- 
pipe failures, continuing from the time Prof. Pence’s the present; 
chapter dealing with the stresses steel water-tower, originally presented the 
and revised and rewritten its author for this work; also two chapters 
upon the subject specifications for and the architectural and ornamental possibility 
water-tower design. The Contents are: Introduction; Historical; The Chemical and 
Physical Properties Structural Metal; Structural Metals; Stress Strain, and 
Stability Structure; Mechanical Principles; The Stresses Steel Water-Tower; 
Riveting; Designing; Foundations; Painting; Shop Practice and Erection; 
Architecture and Ornamentation. There index five pages. 


ARCHITECTS’ AND ENGINEERS’ HAND-BOOK REINFORCED CONCRETE 
CONSTRUCTIONS. 


Giving Plain and Simple Language the Leading Principles and 

Applications this Modern Construction. Mensch. Paper, 

ins., 217 pp., illus. Chicago, Cement and Engineering News. 
$2.00. 


The information this hand-book drawn from the experience 
designer, consulting and contractor for reinforced concrete constructions. 
the practice his profession, various parts the country, the author has been 
brought into contact with architects, engineers and others interested this method 
construction. These clients have from time time asked numerous questions relating 
the essential features concrete construction, especially compared 
with other materials and forms construction. These questions and the author’s 
answers were uniformly reduced writing and classified, and now form portion 
this handbook, together with other material bearing the subject. The author has 
aimed treat the subject plain and simple language, free from higher mathematical 
calculations. There index two pages. 


RECHERCHES EXPERIMENTALES SUR CONSTITUTION DES MORTIERS 
HYDRAULIQUES. 


Vve. Ch. Dunod, 1904. cartonné, 50. 


The introduction states that the principal object this work the study the 
chemical reactions produced limes and hydraulic cements during their calcination 
and setting. The author has taken preliminary study the more simple analogous 
substances, lime and silicates barytes. hoping that knowledge the elements 
which these are composed will throw light the theory calcareous cements. The 
work divided into three parts: Part Platre; Part II. Silicates Baryte; Part 
Ciment Chaux Hydrauliques. 


THE ELECTROLYSIS WATER. 


Processes and Applications. Viktor Engelhardt. Authorized 
English Translation Joseph Richards. Cloth, ins., 
140 pp., illus. Easton, Pa., Chemical Publishing Co., 1904. 
(Monographs Applied Electrochemistry. Vol. 1.) 


the collection Monographs Applied Electrochemistry, which this the 
first volume, will object set forth detailed and authentic reports the field 
applied electrochemistry. These monographs will special reports, which the 
entire historical development will set forth, and review the most important 
patent literature made. considerable proportion the English-speaking electro- 
chemists can read the German text, still larger proportion cannot, and that the 
latter class may have access the thoughts and ideas this monograph the purpose 
the translation. The Contents are: Historical Review; The Constants the Electro- 
lytic Decomposition Water; Review Processes and Apparatus for the 
Separate Production Oxygen and Hydrogen; Processes and Apparatus for the 
Electrolysis Water without Separation the Gas, Processes for the Simple Evolution 
Oxygen; Applications; Appendix. There index two pages. 


FACTS ABOUT PEAT, PEAT FUEL AND PEAT COKE. 


Worth, with Brief Notes Concerning Its Use and Value for Numerous 
Other Purposes. Leavitt. pp. Boston, 
Lee and Shepard, 1904. $1.00 net. 


number years ago the author operated works Lexington, Massachusetts, for 


the manufacture and for the perfecting machinery for its production. 
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During that time prepared volume entitled Facts About which now out 
the plates having been destroyed fire. The present volume, therefore, 
under the same title, prepared substitute for that, with view affording infor- 
mation practical character those manufacture use such fuel. 
The chapter headings are: What Peat? Where Peat Found; How Make Peat 
Fuel: Peat Coke; Intensity Heat Generated Peat Fuel; Peat Fuel for Domestic 
Purposes; Generating Steam; Peat the Manufacture Iron and 
Steel; Other Uses Peat Fuel; Peat for Gunpowder and Fireworks; Gas from Peat; 
Cost and Market Value Peat Fuel; The Market for Peat Fuel; Chemical Products 
Peat; Ashes Peat; Conclusions; Antiseptic Properties Peat; Peat Disinfectant 
and Deodorizing Agent; Other Uses for Peat; Peat Fertilizer; Peat Moss Litter; 
Mixed Fuels; Caution and Encouragement; What Shall About it? Appendix. 


RIVER TRAINING AND CONTROL. 


Being Description the Theory and Practice the Modern Sys- 
tem Entitled the Guide Bank System, Used India for the Control 
and Guidance Great Alluvial Rivers. Francis Spring, 
Inst. E., Inst. Mech. E., Am. Soc. Cloth, ins., 
various paging, plates. Simla, Government Central Printing 
Office, 1903. (Donated the 


The scheme the book follows: After brief introductory chapter, which 
attempts give idea the importance the subject, comparison made be- 
tween the Mississippi and Indian rivers the class chieflv dealt with. Chapters 
and deal with river action. Chapter shows how different are the sands dif- 
ferent rivers their susceptibility water transportation. Chapters VII 
inclusive, explain the principles, theauthor understands them, underlying the due 
design the class works which give this book its title. Chapter XII deals with riparian 
towns, the narrowing soft bedded rivers, means guide banks the 
abutments bridges weirs. The next ten chapters are devoted toa history the 
training works certain selected bridges and weirs. these chapters the author has 
endeavored show how the idea the modern guide bank gradually grew out ofa 
number experiences, until was formulated last definitely. Chapters and 
show how the author has designed the guide banks and depth foundations for 
the projected Lower Ganges bridge. Chapter XXIV devoted such evidence the 
subject seems likely useful bridge designers. Chapter sums the evi- 
dence, and Chapter makes some suggestions. appendix follows giving general 
information and list some literature the subject. 


MAVER’S WIRELESS TELEGRAPHY, 


Theory and Practice. William Maver, Jr., Am. Inst. 
Cloth, ins., pp., New York, Maver Publishing 
Company, 1904. $2.00. 


The preface states that this work each subject has been treated both from theo- 
retical and practical standpoint, in:a language free possible from formule, and 
the whole has been written manner designed clear the general reader. The 
descriptions systems and apparatus, with few exceptions, are iimited those 
actual operation. believed, however, that the book will found contain much 
more than mere account the wireless systems present use. fact, the aim 
has been give comprehensive statement all that appertains the art this 
time, the herein complete practical handbook wireless teleg- 
raphy. Thecontentsare: Induction Telegraphy; Electric Hertzian-Wave Telegraphy; 
Early Experiments Electric-Wave Telegraphy; Theory Propagation: 
Syntonic Wireless Telegraphy; Marconi Wireless Telegraph Systems; Lodge and 
Lodge-Muirhead Wireless Telegraph Systems; The Slaby-Arco and Braun Wireless 
Telegraph Systems; The Branly-Popp, Guarini, and Ducretet-Poppoff Wireless Tele- 
graph Systems; The Forest Wireless Telegraph System; The Fessenden, Stone, 
Shoemaker, Musso Systems; Signaling Ultra Violet Rays; Wireless Telephony: 
Detectors, Interruptors, Transformers, Practical Applications Wireless Teleg- 
raphy; Appendix. There index six pages. 


THE METRIC FALLACY. 


Frederick Halsey; and, The Metric Failure the Textile 
Industry. Samuel Dale. Cloth, 9x6 ins., 231 pp., illus. 
New York, Van Nostrand Company, 1904. $1.00. 

This book the outgrowth paper presented the American Society Mechan- 
ical Engineers its December meeting, 1902, and the discussion which followed. The 
points raised the discussion have been rewritten and placed their appropriate 


places. The list countries which was shown the paper that old units continue 
use has been about quadrupled, while new chapters have been added The 
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Reasons for the Failure Compulsory Laws,” and Industrial Measure- 
ments,” Scientific and Industrial Complications Due Mixture 
Units,” Inaccuracy the Abandoned Portions the Metric 


Part The Metric Failure the Textile 


Industry, has also been entirely rewritten. The table Continental systems num- 
bering spun yarn has been compiled from the latest French, German and Spanish 


authorities; Care has been taken eliminate all systems not actual use. 


There 


appendix entitled Action Various Associations the Metric System Bill which was 
reported favorably the Fifty-Seventh Congress. 


Gifts have also been received from the following: 


Am. Electro-Therapeutic Assoc. 
Am. Min. Engrs. pam. 
Am. Mech. vol. 
Amicale des Anciens Eléves 
Centrale des Arts Manufac- 


pam. 


tures. nos. 

Executive Health Officers 
Ontario. 

Bettinger, Albert. 

Binghamton, Y.—Water Commrs. 


pam. 

Brookline, Mass.—Water Board. pam. 

Brooklyn Engrs.’ Club. bound vol. 

Board Health. bound 
vol., pam. 

Cal.—State Min. Bureau. vol., pam. 

Canada—Geol. Surv. bound vol. 

Canadian Min. Inst. vol., pam. 

Central Ry. Club. pam.. nos. 

Chicago, St. Paul, Minneapolis Omaha 
Ry. Co. pam. 

Evaristo de. pam., bound 


vol. 


Delaware Hudson Co. 


Engrs. Soc Western New York. pam. 

Exploration Co. Ltd. 

Glasgow South-Western Ry. Co. 
pam. 

Grand Rapids Indiana Ry. pam. 

Great Britain—Patent vol., 


pam. 

Hartford Steam Boiler Inspection In- 
surance Co. nos. 

Harvard Univ. vol. 

Hodgdon, Frank vol. 

Mass.—Board Water Commr. 


pam. 

Ind.—State Board Health. vol. 

Lehigh Univ. vol. 

Leominster, Mass.—Water Board. 

Levering, J.H. 

Lewis, bound vol. 

McKeesport, Pa.—Board Water and 
Lighting Commrs. 

Mass.—Board Gas 


am. 
Electric Light 


Commrs. vol., vol. 
Commrs. bound vol. 


Mass.—Highway Comm. bound vol. 
Mass. Inst. Technology. vol. 
Merchants’ Exchange St. Louis, Mo. 


Met. West Side Elevated Ry. Co. pam. 


Minn.—R. Warehouse Comm. 

Minn.—State Board Health. 

Missouri Pacific Ry. Co. vol. 

National Arts Club. 

National Assoc. German-Am. Technol 
ogists. vol., nos. 

Sanitary Assoc. pam. 

Y.—State Library. pam., bound 


Northampton, Mass.—Water Commrs. 


vol. 
pam. 


pam. 

Ohio Surv. and Civ. Engrs. vol. 

vol. 

Ontario—Provincial Board Health. 


vol. 

Opdyke, Howard. pam. 

Orr, Alexander. 

Philadelphia Co. 

Rafter, Geo. vol. 

Ry. Signal Assoc. vol. 


pam. 
vol. 


Construction Co.. pam. 


Slocum, 

Smithsonian Inst. bound vol. 

Société Belge des Ingénieurs. pam. 
Naval Architects and Marine 


Engrs. bound vol. 
Springfield, Mass.—Board Water 
Commrs. 


Technology Quarterly. vol. 
Texas Univ.—Mineral Survey. 


U.S. Bureau Chemistry. 
pam.,1 


bound vol. 
Bueau Pub. Health Marine Hos- 
ital Service. bound vol. 


U.S. Bureau 


vol. 

U.S. Geodetic Surv. bound 
vol. 

vol. 

specif., vol. 

U.S. Geol. Surv. vol., pam. 

Interstate Commerce Comm, 
bound vol., pam. 

U.S. Naval Observatory. vol. 

Supt. Documents. bound vol., 
nos. 


Wellington, New Zealand—Harbor Board. 


pam. 
Yazoo-Miss. Delta Levee District—Chf. 
Engr. pam. 
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PURCHASE. 


Electric Transmission Energy and Its Transformation, Sub- 
division, and Distribution. Practical Handbook. Gisbert 
Kapp, Inst. Inst. Fourth Edition, thoroughly 
Revised. New York, Van Nostrand Company. 


Der Drehstrommotor. Ein Handbuch fir Studium und Praxis. 
Von Julius Heubach. Berlin, Julius Springer, 1904. 


Messungen Elektrischen Maschinen. Apparate, Instrumente, 
Methoden, Schaltungen. Von Rudolf Krause. Berlin, Julius 
Springer, 1903. 


Der Elektrische Lichtbogen bei Gleichstrom und Wechselstrom 


und Seine Anwendungen. Von Berthold Monasch. Berlin, Julius 
Springer, 1904. 


Naval Architecture. Cecil Peabody. New York, John 
Wiley Sons; London, Chapman Hall, Limited, 1904. 


Submarine Navigation, Past and Present. Burgoyne. 
2vol. New York, Dutton Co.; London, Grant Richards, 1903. 


Indicator Practice and Steam Engine Economy. With Plain 
Directions for Attaching the Indicator, Taking Diagrams, Computing 
the Horsepower, Drawing the Theoretical Curve, Calculating Steam 
Consumption, Determining Economy, Locating Derangement 
Valves, and Making All Desired Deductions; also Tables Required 
Making the Necessary Computations, and Outline Current Prac- 
tice Testing Steam-Engines and Boilers. Frank Hemenway. 
Sixth Edition. New York, John Wiley Sons; London, Chapman 
Hall, Ltd., 1903. 


Machine Design. Kinematics Machinery. Forrest 
Jones. Third Edition, Revised. New York, John Wiley Sons, 
1903. 


Who’s Who, 1904. Annual Biographical Dictionary. London, 
Adam and Charles Black; New York, The Macmillan Company, 1904. 


How Lay Out Garden: General Guide 
Choosing, Forming, Improving Estate, with Reference Both 
Design and Execution. Edward Kemp. Third Edition. New 
York, John Wiley Sons, 1901. 


The Civil Engineer’s Pocket-Book. John Trautwine. Re- 
vised John Trautwine, Jr., and John 
teenth Edition. New York, John Wiley Sons; London, Chapman 
Hall, Limited, 


Cram’s Standard American Railway System Atlas the World, 
Showing all the Railway Systems Colors, Accompanied Com- 
plete and Simple Index the United States Showing the True Loca- 
tion All Railroads, Towns, Villages and New York 
and Chicago, George Cram, 1904. 
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The Elements Mining and Quarrying. Sir Neve 
Foster. London, Charles Griffin and Company, Limited; New York, 
The Engineering and Mining Journal, 1903. 


Ore Deposits the United States and Canada. James Fur- 
man Kemp. Fifth Edition, Entirely Rewritten and Enlarged. The 
Engineering and Mining Journal, New York, London, 1903. 


The Non-Metallic Minerals. Their Occurrence and Use. 


4 
George Merrill. New York, John Wiley Sons; London, Chap- 
man Hall, Limited, 1904. 


The Prospector’s and Guide the Search for and the 
Easy Determination Ores and Other Useful Minerals. 


Osborn. Sixth Edition, thoroughly Revised and 
delphia, Henry Carey Baird Co., 1903. 


Disinfection and the Preservation Food, together with Ac- 
count the Chemical Substances Used Antiseptics and Preserva- 


tives. Samuel Rideal. London, The Sanitary Publishing Co., 
Ltd.; New York, John Wiley and Sons, 1903. 


Domestic Sanitary Drainage and Plumbing. Lectures Practi- 
cal Sanitation Delivered Plumbers, Fngineers, and Others the 
Central Technical Institution, South Kensington, London, Under the 
Auspices the City and Guilds London Institute for the Advance- 
ment Technical Education. William Maguire. Third Edi- 


tion, Revised and Brought Date. London, Kegan Paul, Trench, 
Co., Ltd., 1901. 


Elements Bacteriology, with Special Reference Sanitary 
Water Analysis. Samuel Cate and Charles-Edward 


Amory Winslow. New York, John Wiley Sons; London, Chapman 
Hall, Limited, 1904. 


Rustless Corrosion and Electrolysis Iron and Steel. 
Wood, Am. Soc. New York, John Wiley Sons; 
London, Chapman Hall, Limited, 1904. 


Handbuch der Baukunde. Eine systematische 
Zusammenstellung der Resultate der Bauwissenschaften mit den 
zugehorigen von den Heraus- 
gebern der Deutschen Bauzeitung und des Deutschen Baukalenders. 
Vol. Pts. 1-4. Berlin, Ernst Toeche, 1890-95. 


SUMMARY ACCESSIONS. 
March 9th April 12th, 1904. 


Donations (including duplicates and numbers 
completing volumes periodicals)............. 361 
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MEMBERSHIP. 


ADDITIONS. 
MEMBERS. 


Francis. City Engr., Manila, Philippine Islands. 
New St., New York City 

Cox, Martin. Civ. Engr., 

Superv. Engr., Steel Floating Dock for Assoc. 
Cavite, I., Sparrows Point, Md. ....... 
Curry, Tustin, Orange Co., Cal........... 
WALKER. Univ. Melbourne, Melbourne, 

Civ. Engr., U.S. N., Navy Yard, 
Horton, Terry. Engr. and Chicago Bridge 
Works, 105th and Throop Sts., Chicago, 
Isaac. Santa Fé, Distrito Assoc. 
Alarcon, Guerrero, 
Chf. Engr., Ry. Dept., Gen. 
Fort St. Philip, 


Douglas Bldg., Los Angeles, 


Reep. Civ. and San. Engr., 301 Gregory Ave., 
Passaic, 


Storrow, Civ. and Min. Engr., 


ASSOCIATE MEMBERS. 
Assoc. 
Epwarps. Box 545, Derby, Conn ...... 
Gen. and Chf. Engr. for 
Frank Gilbreth, 176 Federal St., Boston, Mass...... 
Linpsay. Prof. Civ. Eng., Univ. Colorado, 
1107 Tioga St., Philadelphia, Pa........ 
Lewis. Eng. Dept., Commrs. Water-Works, 
Asst. Mech. Engr., Brooklyn 
Heights Co., 168 Montague St., Brooklyn, Y.. 
May. 187 Madison Ave., New York City....... 
Cons. Engr. (Bonnevie Lee), Jacob- 


Date 
Membership. 


Jan. 1904 
Dec. 1897 
April 1904 


Oct. 1899 
Jan. 1904 


Mar. 1904 
Dec. 1903 
April 1904 


April 1904 
Mar. 1894 
Mar. 1904 
Oct. 1903 
April 1904 


Mar. 1904 
Mar. 1904 
Sept. 10, 1891 
Oct. 1895 
Mar. 1904 


April 1904 


Oct. 1901 
April 1904 
April 1904 


April 1904 
Oct. 1900 
Feb. 1904 


Feb. 1904 
Mar. 1904 


April 1904 


Feb. 1904 
April 1904 


Oct. 1903 


‘ | 


— 


Affairs. 


Lewis, 360 West 55th St., New York City. 
THomas Box 585, Beaver, Pa........ 
Midland Ave., Arlington, N.J.. 
CLARENCE Care, Sanderson Porter, 
Raynor, First Asst. Engr., 
The Midland Bridge Co., Kansas City, Mo. Assoc. 
Bown. Care, Missouri Val. Bridge Iron 
Evans. Care, Am. Express Co., Rue Scribe 
Woop, Barrett. Engr., Wanskuck Co., Wanskuck 


JUNIORS. 
2325 Fillmore St. San Cal.. 


Henry Box Salt Lake City, 
Utah 


Loomis. Broadway, New York 
ARTHUR U.S. Office, Jacksonville, 


Yares, Asst. Civ. Eng., Columbia Univ., 
309 West 128th New York City........... 


CHANGES ADDRESS. 


Apams, Hydr 
Francisco, Cal. 
ALBERTSON, Bangor, Pa. 
Bacon, James 
Canada. 
Epaar... 
Backus 


JAMES 


Engr., Hayward’s Bldg., San 


Northern Hotel, Port Arthur, Ont., 


185 


Date 
Membership. 


April 1904 
April 1904 
April 1904 
April 1904 
April 1904 
Feb. 1902 
April 1904 
April 1904 
Feb. 1904 


April 1904 


April 1904 


Mar. 1904 
Mar. 1904 


Mar. 1904 
April 1904 


Mar. 1904 


Oct. 1903 
Dec. 1903 


Feb. 1904 


William St., New York City. 
Chf. San. Insp., Dept. Health, Room 
113, City Hall, Chicago, 


Engr. the Comm., Manila, 
Philippine Islands. 


Lewis 


Belvidere Ave., Detroit, Mich. 
Cons. Engr., Am. Zine Extraction Co., 


318 Dwight Bldg., Kansas City, Mo. 
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ham Air Line Ry., 1007 English- 
American Bldg., Atlanta, Ga. 


Cons. Engr., 253 Throop Ave., Brook- 
N.. 
CHARLTON............ Care, Gen. Supt., Transportation, 
Cent. R., Chicago, 
CHARLES Civ. and Min. Kearney, Nebr. 
Asst. Engr., Grand Trunk Pacific Ry., 
Victoria, C., Canada. 
James Chf. Engr., Susquehanna Elec. Power 
Co., Pleasant St., Baltimore, Md. 
Roadway Engr., Southern Ry., Wood- 
ward Bldg., Birmingham, Ala. 
Jolla, San Diego Co., Cal. 
Davinport, Jr....P. Box 308, Monrovia, Cal. 
Frank ..... Beacon St., Boston, Mass. 


Lewis, Virginia Portland Cement Co., 
Fordwick, Va. 


Burton Cons. Engr., 323 Globe Bldg., Seattle, 
Wash. 
Henry Div. Erecting Mgr., Am. Bridge Co. 


Y., Cor. 15th and Chestnut 
Sts., Pa. 

CHARLES Engr. and Supt., Bridges and Bldgs., 
St. Ry., 1232 Railway 
Exchange, Chicago, 


JoHN ALEXANDER ......... Mercaderes, Havana, Cuba. 

Island, Pa. 

SAMUEL PHILLIPS......... Chf. Engr., Am. Bridge Co. Y., 
Room 1525, Frick Bldg., Pittsburg, 
Pa. 

HENRY SEWALL Am. Bridge Co., Frick Bldg., Pittsburg, 
Pa. 

Cons. Engr., Pittsburg Eng. Co., 1210 


Keystone Bldg., Pittsburg, Pa. 
Smoot, KENNETH.............. Concessionario las obras del Puerto 
Manzanillo, Mexico, Paseo 
Reforma, City Mexico, Mexico. 


Royal Station, Baltimore, Md. 

sin, 430 Ster ling Pl., Madison, Wis. 

WEGMANN, Care, New York Aqueduct Comm., Stew- 
art Bldg., New York City. 

Witson, CHARLES Roadmaster, Atlanta Div., N., St. 


Ry., Box 285, Marietta, Ga. 
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ASSOCIATE MEMBERS. 

Kerr Co., Engrs., Empire 
Bldg., Atlanta, Ga. 


Bryson, Care, Eng. Constr. Co., Nas- 
sau and Cedar Sts., New York City. 


Davis, Frep Engr., Elder’s Ridge Branch, Buf- 
falo, Rochester Pitts. Ry. Co., 
Goffstown, 


Tidewater Ry. Office, Roanoke, Va. 

Ray Supt., The Barber Asphalt Paving 
Refinery, Madison, 

Isaac........... The Grove, Queen St., Wool- 
lahra, New South Wales, Australia. 

ARTHUR BENJAMIN......... Engr., Southern Ry., Washing- 
ton, 

Henry Elberton, Ga. 

Philippine Islands. 

Del. 

Linwood St., Cleveland, Ohio. 

lin, 

Surveying Div., Gen. Land Office, 


Washington, 

JoHN Chg. Dept. Bridges, Bor- 
ough the Bronx, 700 Southern 
Boulevard, New York City. 


VERVEER, Contr. Engr., Milliken Bros., West 
105th St., New York City. 

THomas Div. Engr., Bureau Filtration, 6350 
Marchand St., Pittsburg, Pa. 

HANNIBAL............ Asst. Engr., Ry. Co., 512 
Prudential Bldg., Atlanta, Ga. 

JUNIORS. 
THEODORE Insp., Steel Constr., East Side Viaduct, 


Rapid Transit Comm., 231 West 
125th St. (Res., 584 Lenox Ave.), New 
York City. 

Asst. Engr., Am. Coke Gas Constr. 
Co., Camden, (Res., 1332 
Rittenhouse St., Germantown, Phila- 
delphia, Pa.) 


CHARLES FRANK 
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CHARLES Treas., Wabash Mfg Co., Wabash, Ind. 

THOMAS......... Ledlie, 920 Rialto Bldg., 
St. Louis, Mo. 

Room 521, Grand Central Station, New 
York City. 

Y., Ambridge, Pa. 

Designing and Contr. Engr., Hay 


Foundry Iron Works, 140 West 
Fayette St., Baltimore, Md. 


WILBUR Care, Geological Survey, Pendle- 
ton, Ore. 
WEAVER, FRANK MAURICE............ 2037 Master St., Philadelphia, Pa. 


Henry Elected Member, May 7th, 1884; died 
March 25th, 1904. 
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MONTHLY LIST RECENT ENGINEERING ARTICLES 
INTEREST. 


(March 8th April 13th, 1904.) 


This list published for the purpose placing before the members 
the Society the titles current engineering articles, which can referred 
any available engineering library, can procured addressing 
the publication directly, the address and price being given wherever 


LIST PUBLICATIONS. 
the subjoined list articles references are given the number pre- 


fixed each journalin this list. 


(1) Journal, Assoc. Eng. Soc., 257 South 
Fourth St.,Philadelphia, Pa., 30c. 
(2) Proceedings, Engrs. Club Phila., 
1122 Girard St., Philadelphia, Pa. 
(3) Journal, Franklin Inst., Philadel- 
phia, Pa., 
(4) Journal, Western Soc. Engrs., Mo- 
nadnock Block, Chicago, 
(5) Transactions, Can. Soc. E., Mon- 
treal, Que., Canada. 
(6) School Mines Columbia 
Univ., New York City, 50c. 
(7) Technology Quarterly, Mass. Inst. 
Tech., Boston, 75c. 
(8) Stevens Institute Indicator, Stevens 
Inst., Hoboken, J., 
(9) Engineering Magazine, New York 
City, 
(10) Magazine, New York City, 


Engineering (London), Wiley, 
New York City, 25c. 
(12) The International 
News Co., New York City, 
(13) News, New York City, 


(14) The Ingineering Record, New York 
City, 


Gazette, New York City, 


(16) Engineering and Mining Journal, 
New York City, 15c. 

(17) Street Railway Journal, New York 
City, 

(18) Railway and Engineering Review, 
Chicago, 

(19) Scientific American Supplement, New 
York City, 

(20) Iron Age, New York City, 

(a1) Railway Engineer, London, 
land, 

(22) Iron and Coal Trades Lon- 
don, England, 25c. 

(23) Bulletin, American Iron and Steel 
Assoc., Philadelphia, Pa. 

(24) American Gas Light Journal, New 

York City, 

Engineer, New York City, 


Eng- 


(26) Electrical Review, London, England. 

(27) Electrical World and Engineer, New 
York City, 

(28) Journal, New Water-Works 
Assoc., Boston, $1. 

(29) Journal, Society Arts, London, 
England, 

(30) Annales des Travaux Publics 
Belgique, Brussels, Belgium. 

(31) del’ Assoc. des Ing. Sortis 
des Ecole Spéciales Gand, Brus- 
seis, Belgium. 

(32); Mémoires Compte Rendu des Tra- 

vaux, Soc. Ing. Civ. France, 
Paris, France. 


(33) Génie Civil, Paris, France. 

(34) Portefeuille Economique des Ma- 
chines, Paris, France. 

(35) Annales Construc- 
tion, Paris, France. 

(36) Revue Technique, Paris, France. 

(37) Revue Paris, France. 

(38) Revue Générale des Chemins Fer 
des Tramways, Paris, France. 

(39) Mechanic, 

“9 


(40) Railway Age,.Chicago, 10c. 

(41) Modern Machinery ,Chicago, 

(42) Transactions, Elec. Engrs., 
New York City, 50c. 

(43) Annales des Ponts Chaussées, 
Paris, France. 

(44) Journal, Military 
tion, Governor’s Island, New York 
Harbor, 50c. 

(45) Minesand Minerals, Scranton, Pa., 


(46) American, New York City, 


(47) Mechanical Engineer, Manchester, 
England. 

(54) Transactions, Am. Soc. E., New 
York City, $5. 

(55) Transactions, Am. Soc. E., New 
York City, $10. 

(56) Transactions, Am. Inst. Min. Engrs., 
New York City, $5. 

(57) Colliery Guardian, London, England. 

(58) Proceedings, Eng. Soc. Pa., 410 
Penn Ave., Pittsburg, Pa., 50c. 

Transactions, Mining Inst. Scot- 
land, London and Newcastle-upon- 
Tyne. 

(60) Municipal Engineering, 
olis, Ind., 25c. 

(61) Proceedings, Western Railway Ciub, 
225 Dearborn St., Chicago, 

(62) American Manufacturer and Iron 
World, Ninth St., Pittsburg, Pa. 

(63) Minutes Proceedings, Inst. E., 
London, England. 

(64) Power, New York City, 20c. 

(65) Officiai Proceedings, New York Rail- 
road Club, Brooklyn, Y., 

(66) Journal Gas Lighting, London, 
England, 

(67) Cement and Engineering News, Chi- 
cago, 

(68) Mining Journal, London, England. 

(69) Mill Owners, New York City, 

(70) Review, New York City, 


Indianap- 


(71) Journal, Iron and Steel Inst., London, 
England 


(73) Electrician, London, England, 

(74) Transactions, Inst. Min. and 
Metal London, England. 

(75) Proceedings, Inst. Mech. Engrs., 
London, England. 
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LIST ARTICLES. 
Bridge. 
Calculation Flange Stresses Girders and Trusses.* Oscar Sanne. 
Feb. 
Opening Bridge over Barking Creek (12) Mar. 
Cantilever Bridge over the East River.* (11) Mar. 
Counterbalanced Draw Span the Chicago, Milwaukee St. Paul.* (15) Mar. 11. 
Bridge Work the Wabash Extension.* (18) Mar. 12. 
Some Concrete Arch Bridge Construction the Illinois Central R.* (18) Mar. 12. 
Concrete Arch Bridge Herkimer, Y.* (18) Mar. 12. 
The Five-Hundred-Foot Channel Span the Clairton Bridge.*, (14) Mar. 12. 
the Manhattan Bridge Across the East River, New York City.* 
14) Mar. 12. 
Wooden Bridges and Trestles. (Committee Rept. the Amer. Ry. Eng. and 
Assoc.) (40) Mar. 18. 
Renewal Bridge over Rondout Creek the West Shore Railroad.* (40) Mar. 18. 
Connecticut Avenue Bridge, Washington.* (40) Mar. 18. 
The Troitsky Bridge over the Neva, St. Petersburg.* (12) Mar. 18. 
Improvement Plate Girder Bridge Hartford. Conn.* Henry Robinson Buck. 
(Paper read before the Connecticut Soc. Civ. Engrs.) (13) Mar. 24. 
New Design Truss with Pin and Riveted Connections.* (13) Mar. 24. 
New Official Regulations for Railway Bridges the Prussian State.* (12) Mar. 25. 
The Plate-Girder Approaches the Clairton Bridge.* (14) Mar. 26. 
The Masonry Bridge Plauen, Saxony.* Palen. (14) Mar. 26. 
Substructure Work and Erection the Shubenacadie Bridge.* (14) Mar. 26. 
Calculation the Stresses and Design Railway Structures Steel Concrete.* Walter 
(40) Serial beginning Apr. 
The Construction the Scherzer Lift Bridge Newark Bay. (14) Apr. 
Pony-Truss Single-Track Through Span with Shallow Floor.* (14) 


Apr. 
Steel Piling for the Coffer-Dams Chicago Bridge.* (14) Apr. 
The Greenfield Street Railway Bridge. (14) Apr. 
The Proposed Ferry Bridge Bordeaux.* (14) 
The Fireproof Floor the Williamsburg Bridge, New York.* (14) 
Cantilever Plate-Girder Highway Bridge.* (14) Apr. 


Electrical. 


Electric Percussive Rock-Drill.* Edward Dane. 74) Vol. 10. 
The Use Group-Switches Large Power-Plants. Stillwell. (42) Jan. 
Terminals and Bushings for High-Pressure Transformers. Walter Moody. (42) 


Jan. 
High-Tension Distributing Systems Suburban Districts. George Lukes. 
42) Jan. 
Automatic Apparatus for Regulating Generator and Feeder Potentials.* Bechtel. 


(42) Jan. 
Safeguards and Regulations Operation Overhead Distribution Systems. 


(42) Jan. 
Speed-Torque Characteristics the Single-Phase Repulsion Motor. Walter Slichter. 


(42) Feb. 
The Construction Revolving-Field Alternators David Rushmore. (42) 


eb. 

Contribution the Theory the Regulation Alternators. Hobart and 
Punga. (42) Feb. 

Repulsion Motor. Comfort Adams. (42) Feb. 

Transformers Repair Shops for Testing Armature and Field Coils.* (17) Mar. 

The Riedler-Stumpf Steam Turbines.* Walter Rappaport. (26) Mar. 

The Equipment Engine Test House. (Paper read before the Inst. 
Elec. Engrs.) (73) Abstract (26) 25. 

(Paper read before the Royal Society.) (73) Mar. 

Parallel.* (Paper read before the Elec. Engrs.) (73) 


ar. 

Some Applications the Theory Electrolysis the Separation Metals from One 
Another.* (73) Mar. 11. 

The Rated Speed Electric Motors Type Employed.* Ho- 
bart. (Paper read before the Inst. Elec. Engrs.) (73) Serial beginning Mar. 11; 
Abstract (26) Mar. 18: (11) Mar. 18. 

The Electricity Works and Destructor the Metropolitan Borough Hackney.* (26) 
Serial beginning 11. 

Calculation Motor Starting Rheostats. Meurer and Simon. Mar. 12. 

The Design Motor Starting Rheostats. Max Freimark. (27) Mar. 12. 

The Choice Wattmeters. Davis. (27) Mar. 12. 

Power Distribution Sash and Door Mill.* (27) Mar. 12. 

The Electric Power and Transmission System Schaffhausen, Switzerland.* (27) Se- 
rial beginning Mar. 12. 

Predetermination Transformer Regulation.* Emerson Reed. (27) Mar. 12. 
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Electrical—(Continued). 


Calculation the Equivalent Ampere-Turns Windings for Single and Polyphase Cur- 
rents. (27) Mar. 12. 


The Gas Engine for Central Station Service.* (27) Mar. 12. 


Traction for Freight Transportaticn the Chicago Telephone Tunnels.* (13) 
ar. 17. 


Earth Connections. Moon. (26) Serial beginning Mar. 18. 
Rubber Insulation. (15) Mar. 18. 


Station with Steam and Water Turbines, (14) Mar. 19. 

Winding Engines.* Maurice Georgi. (Paper read before the Inst. Elec. 
Engrs.) (68) Mar. 19; (73) Mar. 18. 

Reconstruction the Zanesville, O., Railway, Light and Power Company’s Property.* 
(27) Mar. 19; (17) Mar. 19. 

Turbo-Dynamos.* (27) Serial beginning Mar. 19. 

Measurement Internal Resistance Battery Ohm’s Method.* (27) Mar. 19. 

Standardizing Subway Manhole Construction. ugh Baker, Jr. (27) Mar. 19. 

Direct-Reading Measuring Instruments for Switchboard Use.* Kenelm and 


Franklin Punga. (Abstract Paper read before the Inst. Elec. Engrs.) (73) 
Serial beginning Mar. 25. 


Power Supply Sunderland.* (73) Mar. 25. 

Universal Shunt: Rymer-Jones Pattern.* (26) Mar. 25. 

the Oscillograph. (Paper read before the Inst. Elec. Engrs.) (26) 

ar. 25. 

Variable Speed Motors* Burleigh. (26) Mar. 25. 

The Telephone Substation.* Arthur Abbott. (27) Serial beginning Mar. 26. 

Vertical Motor-Generator Set.* (27) Mar. 26. 

The Dialt Motor. Edgerton. (27) Mar. 26. 

Metrical Detector, for Electric Waves.* Heathcote Walter. (27) Mar. 26. 

The Cost Generating Electric Power. (14). Mar. 26. 

Tests Motor Driven Roller Tables Duquesne. Albert Kingsbury. (20) Mar. 31. 

The Hydro-Electric Stations the Company.* Enrico Bignami. (9) Apr. 

New Electricity Works West (73) Apr. 

Recent Development Metal Conduits for Electric Light Installations. Water- 

The Localization Breaks Submarine Cables. (26) Apr. 


Energy Distribution Sub-Stations. Alfred Smith. (Abstract Paper read before 
the Inst. Elec. Engrs.) (73) 


The Supply Electricity Small Towns. Tomlinson. (Abstract Paper read 
before the Inst. Elec. Engrs.) (26) Apr. 

Electricity for Small Towns. Marshall Harriss. (26) 

The Shielded Balance.* (27) Apr. 

Cables for Electric Light and Power. Apr. 


Telephone and Telegrap Equipment.* Roy Stanton. (27) 
pr. 


Caused the Railway Return Current.* Albert Herrick. (17) 
Apr. 

Booster Calculations. Mar. (27) Apr. 

Synchronous Converters. F.G. Baum, (27) 


Steam Turbine and Other Features the Port Huron Light and Power Sta- 
tion.* James Davidson. (27) Apr. 


Réaction dans les Alternateurs: Distorsion Dispersion. 


Guilbert. 
(36) Serial beginning Feb. 
Edison.* (33) Mar. 26. 
Marine. 
Electric Power British Shipyards. Vesey Brown, Inst. (10) Serial 
beginning Mar. 


Possibilities Design Cargo Steamers. George Nicol. (10) Mar. 

First-Class Armoured Cruiser (12) Mar. 18. 

Steamships. (12) Mar. 25. 

The Twin-Screw Cable-Laying Steamer Stephan. (11) Serial beginning Mar. 25. 

The Battleships Triumph and Swiftsure, Late Libertad and Constitucion. Sir Edward 
(Paper read Inst. Naval Archts.) (11) Mar. 25. 


Effect Board Ship.* Otto Schlick. (Paper read before the 
Inst. Naval Archts.) (11) Abstract (12) Apr. 


Some Results Model Experiments. R.E. Froude. (Paper read before the Inst. 
Naval Archts.) (11) Apr. 

Gas and Oil Engines for Marine Propulsion.* John Thornycroft. (Paperread before 
the Inst. Naval Archts.) (47) Abstract (12) (11) Apr. 


Steam Turbine Propulsion for Marine Purposes.* (Abstract Paper read 
before the Inst. Naval (47) Apr. 


Jan. 


Mechanical. 


for Calculating the Size Wire Ropes. (6) Jan. 


Some Performance Boilers and Chain Grate Stokers with Suggestions for Improve- 
ment.* (4) Feb. 
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Mechanical— (Continued) 


Formulas for the Raw Materials Cement Manufacture. Richard 
Meade. (67) Feb. 


Marl Used inthe Manufacture Portland Cement. EllisSoper. (67) Feb. 

Distribution Heat Rotary Kiln, Also Results Test Process for Utilizing 
Waste Heat from Rotary Carpenter. (From Sibley Journal 
Cornell Univ.) (67) Mar. 

Coal and Coke-Handling Machinery the Coke Plant the Lackawanna Iron Steel 
Co., Lebanon, Pa.* Alfred Ernst. (45) Mar. 

Power Required Drive Machine Tools. (39) Mar. 

By-Product Coke Plant the Lackawanna Iron Steel Co. Lebanon, Pa.* 
Rothberg. (45) Mar. 

The Coal Washer Howe, Indian Territory.* W.R.Crane. (45) Mar. 

The Compressed-Air Power Plant the St. Louis Exposition.* (45) Mar. 

Improvements Economy Engines. Dean. (28) Mar. 

Gas Power for High-Pressure City Fire Service.* J.R. Bibbins. (10) Mar. 

Mexican Gas Power Plant. (62) Mar. 

The Equipment Engine Test House. (Paper read before the Inst. 
Elec. Engrs.) (73) Mar. 
The Laval Steam Turbine.* T.C. Porte. (Abstract Paper read before the Inst. 

Elec. Engrs.) (73) Mar. 


Water Tube Flue Boilers. Hobbs. (Abstract Paper read before the Manchester 
Assoc. Engrs.) (22) Mar. (11) Mar. 


The Worm-Geared Pulley Block.* (22) Mar. 

Doors for Heating Pits. T.H. Lauder. (22) Mar. 

Weldless Tires for Vehicles.* (22) Mar. 

The High-Speed Steels Engineering Work-Shops.* Frank Fielden. 
(12) Mar. 

14-in. Hydraulic Boring Lathe. (12) Mar. 

Improvements Steam Turbines.* (47) Mar. 

Superheating and Forced Lubrication. (47) 

Two-Stroke Impulse Gas Engine.* (47) 

Water-Tube Boilers for Stationary Work. (47) Mar. 

Air-Lift Pumps. (47) Mar. 

The Gas Engine from the Standpoint.* (Paper read before the 
New England Assoc. Gas Engrs.) (62) Mar. Apr. 11. 

The Gallitzin Plant the Pennsylvania Coal Coke Company.* (16) Mar. 10. 

Plant and Buildings the Hecla Portland Cement Coal Co.* (13) Mar. 

Calthrop Brewer’s Boilers for Motor-Wagons.* (11) Mar. 11. 

Gas Explosions. Bairstow and Alexander. (11) Mar. 11. 

New High-Speed Triple-Expansion Engine.* (26) Mar. 11. 

Enclosed Steam Engine and Dynamo.* Mar. 11. 

Travelling Blocks and Hoists.* (22) Mar. 11. 

The Manufacture Emery Wheels.* Waldon Fawcett. (19) Mar. 12. 

The Tygard Reciprocating-Cylinder Double-Action Gasolene Motor.* (46) Mar. 12. 

Limit Gauges for Machine 47) Mar. 12. 

Comparison Calorimeters. Brame and Wallace Cowan. (47) Mar. 12. 

Use Stripping Plates the Foundry.* (47) Mar. 12. 

The Gas Engine for Central Station Service.* (27) Mar. 12. 

The Works the Egyptian Portland Cement Company.* (14) Mar. 12. 


Comparative Boiler Tests with Ordinary and Pulverized Coal Firing. (14) Mar. 12. 
Cement Burning. ement 


14) Mar. 12. 

Inclines New Bedford.* C.H. Gifford. (Paper read before the New England Assoc. 
Gas Engrs.) (24) Mar. 14. 

Inclines Used Lynn.* Prichard. (Paper read before the New England 
Assoc. Gas Engrs.) (24) Mar. 14. 


The Gypsum Plaster Industry Kansas.* W.R. Crane. (16) Mar. 17. 

The Terry Steam Turbine.* (20) Mar. 17. 

The Green Fuel Economizer. Blackburn. (Paper read before the Philadelphia 

Foundrymen’s Assoc.) (20) Mar. 17. 

The Blast the Sole Source Power Modern Steel Works. (20) Mar. 17. 

The Construction and Operation Coal Piers.* (Abstract Com. Rept. Amer. 
Ry. Eng. and Assoc.) (13) 17. 

The Haesler Hammer.* (12) Mar. 18. 

Steam Turbine 000 Horse Power.* (46) Mar. 19. 

The Riedler-Stumpf Steam Turbine. (14) Mar. 19; (47) Mar. 12. 

Care and Management Boilers. W.H. Fowler, (47) Mar. 19. 

Manufacture and Use High-Speed Tool Steel. Gledhill, before the 

Eng. Soc.) (47) Serial beginning Mar. 19. 

Some Practical Notes Screws.* (47) Mar. 19. 

Smoke Prevention. (47) Mar. 19. 

Motor Fluid Generator.* Rudolf Berg. 


(62) Serial beginning Mar. 24. 
High-Speed Steels Engineering Workshops. Frank Fielden. (62) Mar. 24. 
The Royal Gasoline Engine.* (20) Mar. 24. 


The Knox Water Cooled Furnace Door.* (20) Mar. 24. 
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Mechanical—(Continued). 


The New East Shop the Westinghouse Electric Mfg.Company.* (Ab- 
stract from Elec. Club Journal.) (20) Mar. 24. 


The Caster: Type Casting Machine for Printers.* (20) Mar. 24. 

The Boiler Plant, Saint Louis Exposition.* (40) Mar. 25. 

Tool Grinding Machines. Joseph Horner. (11) Serial beginning Mar. 

The Diesel Engine. (26) Mar.25. 

Aerial Navigation. (Paper read before the Amer. Assoc. for the Advance- 
ment Science.) (19) Mar. 26. 


Superheated Steam Water-Works Pumping Station.* (14) Mar. 26. 

The Power Ropes.* Edwin Kenyon. (47) Mar. 26. 

Test High-Speed Triple-Expansion Engine.* (47) Mar. 26. 

Testing Independent Water Heaters.* and George Leland. (Paper 
read before the New England Assoc. Gas Engrs.) (24) Mar. 28. 

The Motors the Rudolf Berg. (62) Mar. 31. 

Cleaning Steam Boilers. (62) Mar. 31. 

Comparative Steam-Pump Test with Saturated and with Superheated Steam. John 
Primrose. (13) Mar. 31. 

Accurate Jigs.* C.L. Goodrich. (20) Mar. 31. 

Large Spur Gear Cutter.* (20) Mar. 31. 

One-Belt Reversing Countershaft.* (20) Mar. 31. 

Electric Wiring Machine Tools.* Bodler. (39) Apr. 

English and Swiss Drilling Machines for Boiler Shells.* Frank Perkins. (41) Apr. 

The International Automobile Exposition Paris.* Lucien Perissé. Apr. 

The Efficiency Internally Fired and Externally Fired Boilers. 

obb. (9) a 

Wire Rope Slo (45) Apr. 

Splicing Wire Rope.* (45) Apr. 

New Design Back-Geared Crank Shaper.* (25) Apr. 

Motor-Driven Machine Tools. (25) Apr. 

The Caskey Pneumatic Punch.* (41) Apr.; (21) Apr. 

Suspension Cableways.* Andrew Bruch. Apr. 

Practical Points the Construction and Use Wire Rope. Moore. (45) Apr. 

Wire Rope Haulage Problem.* Geo.S. Whyte. (45) Apr. 

The Bleichert Wire-Rope Tramway.* (45) Apr. 

Wire Rope Tramways.* J.H. (45) Apr. 

Hoisting Ropes. Geo. Whyte. 


45) Apr. 
The Transmission Power Wire Ropes.* Graves. (45) Apr. 
Effects Bending Stresses Wire Rope. J.B. Richards. (45) Apr. 


Wire Rope Grand Encampment, Wyoming.* (45) Apr. 
Wire Rope Calculations. (45) Apr. 


Nurnberg Gas Engine.* (64) 

Gas Engines Using Wood-Gas.* (64) Apr. 

Setting the Valves the Brown Engine.* (64) Apr. 

Briquetting Fuel Material. George Walsh. (64) Apr. 

Something about Piping.* W.H. Wakeman. (64) Apr. 

Determine the Advantages Superheating. Emile Guarini. (64) 
pr. 

Reciprocating Sets vs. Turbo-Generators. William Chubb. (64) Apr. 

The Selection and Testing Lubricants. (64) Apr. 


Lubricating Oils and Their Properties: How Test Them and Detect Adulterations. 

Wm. Davis. (64) Apr. 

The Economy Reciprocating Engines Light Loads Compared with That 
Steam Turbines. (64) Apr.; (27) Apr. 

Messrs. Graham, Morton and Co.’s Works Leeds.* Apr. 

The Westinghouse Steam Turbine.* (73) Apr. 

Notes Tests Steel Tools. Pendlebury. (12) Apr. 

The Wolseley Light Six-Horse-Power Motor-Car.* (11) Apr. 

Refrigeration from Compressed-Air Motor. (14) Apr. 

Light Steel Gas Plant Roofs England.* (14) Apr. 

Gearing Motor-Driven Machinery.* (47) Apr. 

Improvements Hammers.* (47) Apr. 

Comparative Boiler Tests. (62) Apr. 

Some Portland Cement Practice. (62) Apr. 

Two Suggestions for Exhaust Steam Heating.* William Wood. (13) Apr. 

Multi-Stage Turbine Pumps with Special Balancing Device.* (13) 
Apr. 

Some the Reasons Why Separators Are Not Used Portland Cement Works. Edwin 

The Steam Turbine and Field Marine Work. H.C. Dinger. (46) Apr. 

The Pfeiffer Spring Motor.* (20) Apr. 

arner Cut Meter.* (20) Apr. 

The Langen Two-Speed Countershaft.* (20) Apr. 

Some Superheaters. (20) Apr. 


Valves for Regenerative Furnaces. Williams, Jr. 


(20) Apr. 
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Mechanical—(Continued). 


Steam Turbine and Other Features the Port Huron Light and Power Company 
Station.* James Davidson. (27) Apr. 

Steam Turbine Plant the Port Huron Light and Power Company.* (14) Apr. 

Power and Transmission the Stuyvesant Elevator, New Orleans.* (14) 
Apr. 


Economy Oxide Purification. Rice. (Paper read before the Obio Gas Light 
(24) Apr. 
Note sur (31) Pt. 1903. 


Etude sur les Fours Rotatifs pour Cuisson Ciment.* Poul Larsen. (36) Serial 
beginning Feb. 25. 

Les Ciments Laitier, Types Portland.* Bazin. (35) Mar. 

Appareils Nettoyage par Vide.* (34) Mar. 

Récentes Grandes Magasins Bidault des Chaumes. 
Mar. 26. 


(33) 
Metallurgical. 
Sampling and Dry Crushing Colorado.* Philip Argall. (74) Vol. 10. 
Testing Cyanide Solutions Containing Zinc. Leonard Green. (74) 
ul, 
The Titration, Use and Precipitation Cyanide Solutions Containing Copper. Walter 
Virgoe. (74) Vol. 


Dry Process for the Treatment Complex Sulphide Ores. Livingston Sulman and 

ugh Kirkpatrick Picard. Vol. 10. 

The Pierrefitte Concentrating (74) Vol. 10. 

and Rupture Iron and Soft Steel. Osmond and Gartand. (62) 
Mar. 4, 

Copper Losses Blast Furnace Slags. William Heywood. (16) Mar. 

Foundry Practice with Copper and Its Alloys. W.J. Reardon. (Abstract Paper 
presented before The Electric Club.) (62) Mar. 10. 

Notes Some Re-Grinding Machines. Martin Schwerin. (16) Mar. 10. 

Cantilever Battery Frame.* Boss. (16) Mar. 10. 

The Continuous Steel Process the Open-Hearth Furnace.* (22) Mar. 11. 

High-Speed Tool Steel: Its Manufacture and Use.* Gledhill. (Abstract paper 
read before the Coventry Eng. Soc.) (12) 

Some Applications the Theory Electrolysis the Separation One 
Another.* Hollard. (73) Mar. 11. 

The Slime Problem.* Lane Carter. (16) Mar. 17. 


Bessemer Copper Converters. Glasser. (16) 17. 
Hardening and Tempering Steel.* Stansfield. 


(Abstract paper read before the 
Can. Ry. Club.) (15) Mar. 18. 
Electrolytic Copper Refining. Wilder Bancroft. (Abstract paper read before the 
Amer. Electrochemical Soc.) (68) Mar. 19. 


Limestone Iron Cupolas. (From Stahl und Eissen.) 
(62) Mar. 24. 

Notes the Behavior Zinc the Blast Furnace. John Porter. (20) Mar. 24. 

Laboratory Work under Smelting Conditions.* Friedrich. (16) Mar. 24. 

The Electric Smelting Complex Sulphides. Beadle. (16) Mar. 24. 

New Slime Table.* (16) Mar. 24. 


The Westinghouse Steel Foundry Trafford Park, Manchester.* (22) Mar. 25. 
Coloring Metals. Paul Malherbe. (From Chronique Industrielle.) (19) Mar. 26. 
Converter Accessories.* C.H. Glasser. (16) Mar. 31. 


Blast Furnace Gas the Only Source Power Modern Steel Works. Karl Gruber. 
(From Stahl und (62) Mar. 31. 


New Process for Welding (62) Mar. 31. 
the Production High Temperatures Burning Aluminum. 


Recherches sur les Chrome.* (33) Serial beginning Mar. 
Military. 


The New Vickers-Maxim 9.2-Inch Wire-Wound Gun.* (46) Mar. 26. 
Mining. 


Gold Mining Matabeleland.* Carey. (74) Vol. 10. 

The Kaiping Coal Mines and Coal Field, Chihle Province, North China.* Herbert 
Hoover. (74) Vol. 

The Occurrence and Min 


ing Gold the Dutch East Indies. (74) 

ol, 

The Hydraulic Installation the Mines the Compafiia Minera Panuco (Mexico).* 


The Coal Washer Howe, Indian Territory.* 


The Coal 45) Mar 
Electric Mine Locomotives: Traction, Third-Rail and Sprocket 


Wm. 
Affelder. (Paper read before the Western Penn. Cent. Min. Inst.) 


(45) Mar. 
Brief Outline the Mining Department the Hokkaido Colliery Railway Co., 
Japan.* (45) Serial beginning Mar. 


Tilustrated. 
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Mining—(Continued). 


through Water-Bearing, Permian, Triassic and Cretaceous Strata.* (57) 
ar. 


Fungi Mining Timber.* Jules Elsner. (22) Mar. 

The Framing Rectangular Shaft Sets.* Wilbur Sanders. (16) Mar. 10. 
Endless Chain Winding Vertical Shafts.* (57) Mar. 11. 


Application Electricity for Winding and Other Colliery Purposes. Maurice Georgi. 
(Abstract Paper read before the Manchester Geol. and Min. Soc.) (22) Mar. 11. 

Compound Cornish Cycle Engine (for Mines).* (11) Mar. 18. 

Electric Winding Engines.* Maurice Georgi. (Paper read before the Inst. Elec. 

Engrs.) (68) Mar. 19; (73) Mar. 18. 

Electric Haulage Mines. (47) Mar. 19. 

Electric Power Gold Dredging.* Weston Clark. (27) Mar. 19. 

Gold Dredging under Difficult Conditions.* Winter Taylor. (16) Mar. 24. 

Tailings Elevators.* Wood and Laschinger. ‘Abstract from the Journal 

the Mech. Engineers’ Assoc. the Witwatersrand.) 


(16) Mar, 24. 
Note the Construction Mine Bulkheads. Thompson. (Paper read 
before the Can. Min. Inst.) (16) Mar. 24. 
for Open-Pit Mining.* Spencer Miller; Am. Soc. Am, Inst. 
(45) Apr. 
Notes Mine Ropes.* Charles Comstock. (45) Apr. 
The Coal Fields Crow’s Nest Pass, British Columbia.* Jacobs. Apr. 
The Mechanical Equipment Collieries. George Winstanley. (Abstract Paper 
read before the Manchester Geol. and Min. Soc.) (16) Apr. 
Accumulateur Vapeur, Systéme Rateau: Installation Faite aux Mines Bruay.* 
Ch. Dantin. (33) Mar. 12. 
Miscellaneous. 
The Inch Unit System. Thomas Parker. (11) Mar. 
Municipal. 
Gas Power for High-Pressure City Fire Service.* (10) Mar. 
High-Pressure Water Service for Fire Protection New York. Nicholas Hill. 
(Abstract Rept. John Commr., Dept. Water Supply, Gas Elec- 
tricity.) (14) Report (13) Mar. 24. 
Details Pavements Salt Lake City, Utah.* (14) Mar. 26. 
Street Pavements. Louis Pfeiffer. (Abstract Paper read before the Colorado 
Pol. Assoc.) (60) Apr. 
The Use High Pressure Gas Street Lighting. Knight. (Paper read before 
the Ohio Gas Light Assoc.) (24) Apr. 11. 
Railroad. 
Proposed Improvements St. Louis Terminals.* Greensfelder. (Paper read 
efore the Engineers’ Club St. Louis.) (1) Jan. 
Square Roundhouses.* Geo. Nichols. Feb. 16. 
The lubrication Locomotive Valves and Cylinders. (61) Feb. 16. 
Ventilating System Blacksmith Shop, Northern Pacific Railway.* (39) Mar. 
the Car Department the Portsmouth Shops: Seaboard Air Line Railway.* 
Mar, 
Railroad Shop Tools.* Charles Fitch. (39) Mar. 
Snow Screens and Fences.* Assoc. (21) Mar. 
American Freight Car Bogies.* (21) Mar. 
Power Station, Rolling Stock and Dispatching System the Pacific Electric Railway 
Company.* (17) Mar. 
Electric Railways Ohio.* (17) Mar. 
Signalling Bolton: Lancashire and Yorkshire Railway.* (21) 
ar. 
20-Ton Covered Great Northern Reilway Ireland.* (21) Mar. 
Heavy Continental Passenger Tank Engines.* (21) Mar. 
Compressed for Lighting Railway Carriages. Fisher. (Abstract 
Paper read before the International Acetylene Assoc.) (21) Mar. 
French Heating Railway Carriages.* (21) Mar. 
Trials Quick-Acting Railway Brakes. (12) Mar. 
The Albula Railway.* (11) Serial beginning Mar. 
Trials the Great Western French Engine. Charles Rous-Marten. (11) Mar. 
Distribution Loads Locomotive Axles. A.T. Kersey. (12) Mar. 11. 
Atlantic Locomotive for the Northeastern England.* (40) Mar. 11. 
The Railways Canada since 1867. Atkinson. (40) Mar. 
Locomotive for the Atchison, Topeka and Santa Railway.* 
ar. 


Blocking Track Severe Cold Weather.* (15) Mar. 
Wrecking Outfits the Pennsylvania. (15) Mar. 11. 
The Wabash Extension into Pittsburg.* (15) Mar. 11. 
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Railroad—(Continued). 


Pennsylvania Low-Grade Line Down the Susquehanna. (15) Mar. 11. 

Steel Railroad Substructure.* (15) Mar. 11. 

New Shops the P., Wilmington.* (15) Mar. 11. 

The Water Stations the Chicago Alton.* Mar. 11. 

Pillar Drains for Holding Banks.* (15) Mar. 11. 

The Lawson Dump Car.* Mar. 11. 

The Chicago, Indianapolis St. Louis Short Smith. Mar. 11. 

The New Freight Terminal the Monon Louisville.* (15) Mar. 11. 

Baltimore Ohio Export Pier Locust (15) Mar. 11. 

R., Harbor and Terminal Improvements Gulfport, Miss.* (18) 

Block Signaling Single Track. (18) Mar. 12. 

Dirt and Ballast Spreading Cars, T., Ry.* (18) Mar. 12. 

The Hayes Lifting Derail.* (18) Mar. 12. 

Some Track Work Changing Gage.* (18) Mar. 12. 

New Engine House Construction the Intercolonial Ry.* (18) Mar. 12. 

Terminal] Necessities. (18) Mar. 12. 

Modern Wrecking Appliances.* (18) Mar. 12. 

The Ravlin System Electric Wiring Round Houses and Shops.* (18) Mar. 12. 

Maintenance Way Standards the Hokkaido Coal Mine Ry.* Mar. 12. 

Performance Automatic Signals Cold Weather.* Balliet. (Paper presented 
before the Railway Signal Assoc.) (18) Mar. 12. 

New Derail for Side Tracks.* (13) Mar. 17. 

The Construction and Operation Coal Piers.* (Abstract Com. Rept. Amer. Ry. 
Eng. and Assoc.) (13) Mar. 17. 

Atlantic Type Passenger Locomotives for the Wabash Railway.* (13) Mar. 17. 

the First Division the Hankow-Canton Ry. Jesse Miller. (13) 

The Mantua Freight Transfer House the Pennsylvania Railroad.* (40) Mar. 18. 

Staff Block System for High Speed Trains.* (40) Mar. 18. 

The Union Terminal Arrargements Washington.* (40) Mar. 18. 

Baltimore Tunnel, P., Ry.* (40) Mar. 18. 

Reduction Gradient and Elimination Distance, Curvature, and Rise and Fall 
Union Pacific Railroad. Berry. (Paper presented before the Amer. Ry. Eng. 
and Assoc.) (40) Mar. 18; Abstract (15) Mar. 25; (13) Apr. 

Lehigh Valley Shops Sayre, Pa.* (15) Mar. 18. 

New Passenger and Freight Terminals (15) Mar. 18. 

New Freight Yard the Lake Shore Elkhart, Ind.* (15) Mar. 18. 

the De-Glehn Compound the Great Western England. (15) 

ar. 

The Railway Electrification Problem and Its Probable Cost for England and Wales. 
Bennett. (Paper read before the Inst. Elec. Mar. 18; Discussion 
(73) Mar. 25; Abstract (26) Apr. (47) Serial beginning Mar. 12. 

Proposed Block Signals the Southern Pacific.* (40) Mar. 18. 

The Efficiency the High-Speed Brake. Mar. 18. 

The Electrification the Liverpool and Southport Railway.* (11) Mar. 18; (73) Serial 
Mar. 18; (26) Serial beginning Mar. 18; (12) Mar. 18; (47) Mar. 19; (17) 

Combustion Chambers Italian Locomotives.* (12) Mar. 18. 

New Six-Coupled Express Engine for the Great Western Railway.* Charles Rous- 
Marten Mar. 18. 


Rept. the Amer. Ry. Eng. and Assoc.) (14) Mar. 26; 

40) Mar. 18. 

Rail. (Committee Rept. the Amer. Ry. Eng. and Assoc.) (40) Mar. 18. 

Track. (Committee Rept. the Amer. Ry. Eng. and Assoc.) (40) Mar. 18. 

(Committee Rept. the Amer. Ry. Eng. and Assoc.) (40) 
Mar. 18. 

Masonry. (Committee Rept. the Amer. Ry. Eng. and Assoc.) (40) Mar. 18. 

Service. (Committee Rept. tothe Amer. Ry. Eng. and Assoc.) (40) 


Tilustrated. 


= 

(Committee Rept. the Amer. Ry. Eng. and Assoc.) (40) 
Mar, 18, 
and Steel Structures. Rept. the Amer. Ry. Eng. and of. 
Assoc.) (40) Mar. 18. 

The Canadian Pacific Railway Shops Montreal.* (14) Serial beginning Mar. 19. 
Improved and Combination Collapsible Pile Drivers for Railroad Work.* (14) Mar. 19. 
Glehn Compound for the Great Western Railway, England.* (46) 
Yards and Terminals. (From Committee presented before the Amer. Ry. Eng. 

and Assoc.) Mar. (40) Mar. 18; (13) Mar. 24; (15) Mar. 18. 
Ties. (Committee Report the Amer. Ry. Eng. and Assoc.) (18) Mar. 19; 
(13) Mar. 17; (40) Mar. 18. 
Report Proposed Pan-American Mar. 19. 

Track Inspection Car the Northern Railway France.* (13) Mar. 24. 

The Proposed New Railway Lines for the Development the Port Genoa, Italy.* 

Charles King. (13) Mar. 24. 
Ventilation Baldwin Locomotive Works Engine House.* (40) Mar. 25. 
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Railroad—(Continued). 


New Electromagnetic Track Brake.* (73) Mar. 25. 
Improvements the Denver Rio Grande.* Mar. 25. 
Performance Automatic Block Signals under Unfavorable Conditions. H.S Balliet 
Serial beginning Mar. 25. 
ssoc.) Mar. 25. 
New Automatic Block Signals the Southern Pacific.* (15) Mar. 25. 


Way Improvements the New York, Ontario Western Ry.* (18) 
r. 6 


Consolidation Engines for (18) Mar. 26. 
Gas Engines Railway Work. (18) Serial beginning 26. 
Refrigerator Cars for Pabst Brewing Co.* (18) Mar. 26. 
The Dick System Lighting Trains Electricity.* (19) Mar. 26. 
Recent Investigations with Treated Ties. Hermann von Schrenck. (From Rept. 
Com. Ties Amer. Ry. Eng. and Assoc.) (14) Mar. 26. 
Compound Locomotives: Atchison, Topeka Santa Ry.* 
13) Mar. 31. 
Protected Sectional Third-Rail System Electric Traction.* (13) Mar. 31. 
The Appraisement the Physical Value Wisconsin Railways for the Purpose 
ar. 31. 
French Locomotive for the Pennsylvania R.* (13) Mar. 31. 
Passenger Locomotive: 4-6-2 (Pacific Type): Chicago Alton Railway.* 
Passenger Locomotive for the Vandalia: 4-4-2 (Atlantic) Type.* (25) Apr. 
Visit the Works Company.* (25) Apr. 
Object Lesson Firebox Side Sheets.* (25) Apr. 
The Corrington Air Brake.* (25) Apr. 
The Lawson Dumping Car.* (25) Apr. 
the Terminal Railroad Association St. Louis, East St. Louis, 
39) Apr. 
Freight Locomotive: Southern Railway.* Apr. 
New Cars for the Milwaukee Refrigerating Transit Company.* (39) Apr. 
Passenger Locomotive, Union Pacific Railway.* (39) Apr. 
Coal Wagons: Great Railway.* (21) Apr. 
Four-Cylinder Compound Engine: Southern Railway Italy.* (21) Apr. 
The Sperry-Lyndon Electric for Trains. (21) Apr. 
Economical Locomotives.* Charles King. (21) Apr. 
Ten-Wheeled Radial Tank Engine: Lancashire and Yorkshire Railway.* (21) Apr. 
Express Engines and Great Western Railway.* (21) Apr. 
London and North-Western Carriage Works, Wolverton.* 
Safety George Grooby. (Abstract Paver read before the New-England 
Underground Brooklyn Terminal the Long Island Railroad.* (15) Apr. 
Revision Double-Tracking the Richmond, Fredericksburg and Poto- 
Apr. 
Fifty-Ton Steel Underframe Flat Car.* (15) 
The Alternate Quick-Acting Brake System.* (18) (40) (15) 
pr. 
Delaware, Lackawanna Western Coach.* (18) Apr. 
Comparative Tests Locomotives Using Saturated and Superheated Steam.* Strahl. 


(Abstract from Zeitschrift des Vereins Deutscher Ingenieure.) (47) Apr. 
The Mendelbahn.* (17) Apr. 


The Hudson River Tunnel.* (19) Apr. 

Electrified Steam (27) Apr. 

Electromagnetic Track Brake.* (27) Apr. 

the Florida Everglades.* (14) Serial beginning 

Processes. Hermann von Schrenck. 
Ties Am. Ry., Eng. and Assoc.) (14) Apr. 

The Wilmington Shops the Pennsylvania.* (40) Apr. 

Consolidation (2-8-0) Locomotive for the Delaware Hudson.* Apr. 

Compound Locomotives France. (15) Apr. 

Saddle Tank Culm-Burning Locomotive.* (18) Apr. 

All Steel Railway Substructure.* (17) 

Montrer les Perturbations des Locomotives Marche.* (36) 

eb. 25. 

Expériences sur Rendement des Locomotives: Locomotive Distribution Bonnefond. 
Joseph Nadal. (38) Mar. 

Les Automotrices 
(36) Mar. 10. 

Aération Tunnel Albespeyre (Lozére); Ventilateurs Farcot.* (33) Mar. 12. 


Chemin Fer Electrique Vésuve.* Jules Couchepin. (33) Mar. 19. 
Chemin Fer Transhellénique.* (33) Mar. 26. 


(From Report Com. 


Taff Vale Railway Great Western Railway.* Bonnin. 
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Railroad, Street. 


The Alternating-Current Railway Motor.* Charles Steinmetz. (42) Feb. 

Single-Phase Railways.* Blanck. (42) 

The Calculation Flange Stresses Girders and Trusses.* Oscar Sanne. 
(4) Feb. 

Convertible Cars Operated Toronto.* (17) Mar. 

Bath Electric Tramways.* (26) Mar. 

The Mersey Railway: Multiple Control. 
the Inst. Elec. Engrs.) (26) Mar. 11. 

Single-Phase Railroads.* (18) Mar. 12. 

Progress the East Boston Subway.* (18) Mar. 12. 

The Boston Transit Problem.* (40) Mar. 18. 

Reconstruction the Zanesville, O., Railway, Light Power Company’s Property.* 
(27) Mar. 19; (17) Mar. 19. 

Repair Shop Practice the Pacific Electric Railway Company.* (17) Mar. 19. 

New Power Plant Cranford.* (17) Mar. 19. 

Street Car Lubrication. George Fowler. (17) Mar. 19. 

Fused Steel-Tired Wheels.* (17) Mar. 19. 

The Cranford Plant the Public Service Corporation New Jersey.* (14) Mar. 19. 

The Hudson River Tunnel.* (46) Mar. 26. 

Steel-Tired Wheels the Boston Elevated Railway System.* (17) Mar. 26. 

The Westinghouse Single-Phase Railway System.* (17) Mar. 26. 

Electrolysis Caused the Railway Return Current.* Albert Herrick. 


Apr. 
The Dunedin (New Zealand) Tramways.* (17) Apr. 
The Westinghouse Single Phase Motor.* (15) Apr. 
Notes Los Angeles Railway Company’s System.* Apr. 
The Evansville Princeton Traction System.* (17) Apr. 


Single versus Multiphase Generators Alternating Current Railway Work, 
Blanck. (17) Apr. 


Traction par Courant Alternatif Simple: Systéme Finzi.* (33) Mar. 

Locomotive Electrique Prise Courant pour Ligne Aérienne, des Ateliers d’Oerlikon. 
(33) Mar. 12. 

Sanitary. 


Heating from Central Station.* W.H. Pearce. (4) Feb. 
Ventilating System Blacksmith Shop, Northern Pacific Railway.* 


(Abstract Paper read before 


(17) 


(39) Mar. 
Plumbing the New York.* (70) Mar. 
The Battery System Warm-Air Heating.* Oldacre. (Paper read before the 
A.S. and E.) (70) Mar. 
New Jointing Material, Sulphur and Sand, for Sewer Pipes. Alexander Potter. 
(13) Mar. 10; (14) Mar. 12. 


American Sewage Pumping Engine.* (12) Mar. 11. 


The Electric Works and Destructor the Metropolitan Borough Hackney. (26) 
Serial beginning Mar. 11. 


The Cleaning and Flushing Sewers. (14) Mar. 12. 

Large Concrete and Brick Storm Sewer Newark, (14) Mar. 12. 

Ventilating and Heating the Franklin Square Theatre, Worcester, Mass.* (14) Mar. 26. 

Plant for the Jackson Park Ave. Sewage District Chicago.* (13) 
ar. 31. 


Refuse Destruction Burnley, England.* (60) Apr. 


the Marshes New Jersey and Staten Island.* Henry Clay Weeks. 
pr. 


Combined Steam and Hot Water Radiation.* (14) Apr. 
Structural. 


Ferroinclave: Fireproof Building Material.* Cobb. (Paper read before the 
Civil Engineers’ Club Cleveland.) Jan. 

The Preservation Wood from Fire and Decay. Joseph Ferrell. (4) Feb. 

The Sieg wart Ferro-Concrete Floor (62) Mar. 

The Collapse the Darlington Apartment House New York City.* (13) Mar. 10. 

Fireproof Buildings the Rochester Fire.* (13) Mar. 10. 


Tests the Adhesion and Initial Stress Steel Concrete. Sam Emerson. 
(13) Mar. 10. 


Protection Steel from Rust Concrete. Charles Norton. (Extract from Report 
the Insurance Eng. Experiment Station.) (62) Mar. 10. 

Commercial Tests Material. (Paper read before the Eng. Soc., Univ. 
College, Lond.) Mar. 11; (62) Apr. 


Strength Piles. Bihler. (Paper read before the Pacific Northwest Soc. 
Engrs.) (18) Mar. 12. 


The Darlington Hotel Collapse, New York City.* (14) Mar. 12. 
The Lessons the Rochester Fire.* (20) Mar. 


The Design Reinforced Concrete Beams.* (Abstract Report Masonry, 
Amer. Ry. Eng. and Assoc.) (13) Mar. 17. 


Hollow Block Concrete Wall Construction.* (40) Mar. 18. 
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Structural—(Continued). 


The Importance Adopting Standard Sizes Test-Bars for Determining the Strength 


Cast Iron.* Alexander Outerbridge, Jun. (From Proceedings Amer. Soc. 
for Testing Materials.) (11) Mar. 18. 


Reinforced Concrete the Baltimore Fire.* 14) Mar. 19. 

Foundations the Rogers Building, New York.* (14) Mar. 19. 

Views Srankland Chicago Concerning Steel Structures the Baltimore 
Fire.* (20) Mar. 


Report the Chief Engineers, A., the Baltimore Fire. John Stephen 
Sewell. (13) Mar. 24. 


The Planning Factory Buildings and the Influence Design Their Productive 
Hugo Diemer. (13) Mar. 24. 

Concrete Piling.* (46) Mar. 26. 

The Fallacy the Tests Ordinarily Applied Portland Cement. Richard Meade. 
(Paper read before the Amer. Chem. Soc.) (14) Apr. 

New Appliances for Re-Roofing Shops without Work.* (19) Apr. 

Case Shoring Work New York Telephone Building.* (13) Apr. 

Cross-Bending Tests Steel-Concrete Beams.* (15) 

Safeguarding the Foundations Trinity Church Spire, New York City.* (14) Apr. 

Concrete Mixing Plant for Power House Foundation.* (14) Apr. 

The Canadian Pacific Grain Elevator Port Arthur, Ontario.* (14) Apr. 

Marbre Artificie!.* (36) Feb. 25. 


Maison Rapport, Villa Deshayes (Rue Didot), Paris.* Rivoalen. (35) 


lar. 
Petit hétel, 326, Rue Paris.* (35) 


Récentes Grandes Magasins "A. Bidault des Chaumes. (33) 
ar. 26. 


Topographical. 


Transit for Topographical Surveys.* Geo. Jacob Davis, Jr. 
(13) Mar. 


New Slide Rule.* (12) Apr. 
Water Supply. 


Piping for Hydraulic Machinery. Frank Kleinans. (39) Mar. 

and Run-Off from Catchment New England.* Hastings. (28) 
Mar. 

Thawing Frozen Service Boxes, Pipes, etc.: Topical Discussion. (28) Mar. 

Notes the Construction Storage Reservoir. W.H. Richards. (28) Mar. 

Amount Water fora Public Supply.* Shedd. (28) Mar. 

Hydro Electric Newry.* (12) Mar. 

Water-Distilling Plant for Egypt.* (11) Mar. 

The Contraction Jets.* John Goodman, (11) Mar. 11. 

Water-Power Development York Haven, Pa.* (14) Mar. 12. 

Water Purifying Plants Germany.* (18) Mar. 12. 

(13 ar. 17. 

Repairs the Water-Works Pumping Station Evansville, Ind. (13) Mar. 17. 

Experience Thawing Water Pipes Electricity. (13) Mar. 17. 

Pumping Station the Cleveland Water-Works.* Charles Goffing. (14) 
Mar. 19. 

The Measurement, Consumption and Waste Water the Boston Metropolitan Dis- 
trict. (14) Mar. 19. 

Filtration Plant for Harrisburg, Pa. (14) Mar. 19. 

Hign-Pressure Water Service for Fire Protection New York. Hill. (Ab- 
stract Rept. John Oakley, Commr., Dept. Water Supply, Gas and Elec- 
tricity.) (14) Mar. 19; Report (13) Mar. 24. 

Cast-Iron Meter Box.* Edward Cowan. (13) Mar. 24. 

Report High Pressure Fire Service for Borough Brooklyn, New York 

Water Main Machine.* (12) Mar. 25. 

Water Supply for Railroads. (Abstract Report the Amer. Ry. Eng. and 
Assoc.) (15) Mar. 25. 

Standpipe Ohio.* (14) Mar. 26. 

Concrete-Steel Reservoir for East Orange, New Jersey.* (14) Mar. 26. 

Mechanical Devices for the Purification Water.* (41) Apr. 

The Location Electric Water-Power Adams. (10) Apr. 

Softening and Purifying Water for Boilers. (10) Apr. 

Village Water Works Geneva, Ohio.* (14) Apr. 


Water Transmission Plant Falls, Ontario.* Charles Fitch. (27) 


Apr. 2. 
the Portman Dam near Anderson, C.* John Sheppard, Jr. (14) 
pr. 2. 


Discharging Capacity Culverts.* Washington Parker Ireland. (14) Apr. 


Five Dams and Wood Stave Conduit the Southern California Mountain Water 
Co.* (13) Apr. 
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Water Supply—(Continued). 


The Barossa Arched Concrete Dam South Australia.* (13) Apr. 
Levi Mechanical Filters Charleston-Kanawha, Va.* (13) Apr. 
The Derwent Valley Water-Works System, Derbyshire.* (14) 

Recent Concrete-Steel Water-Works Construction Ithaca, (14) Apr. 
Alimentation Paris Eau Potable. Bergeron. (32) Jan. 

Stérilisation des Eaux par (36) Feb. 25. 


Elévation Directe des Liquides par Comprimé.* Lemaire. 

Waterways. 

Timber Crib Foundations.* George Francis. (1) Feb. 

The Lock the Trent Cana] Peterborough. Walter Francis, Can. 
Soc. . 


(33) Mar. 19. 


Mar. 25. 
The Canalization the Elbe and the Moldau.* (19) Mar. 26. 
Cylindrical Movable Dams Schweinfurt, Germany.* (14) Mar. 26. 


Pitot Tubes, with Experimental Determinations the Form and Velocity Jets. James 
Boyd and Horace Judd. 


(Paper read before the Amer. Assoc. for the Advance- 
ment Science.) (13) Mar. 31. 


The Barge Canal across New York State.* (15) Apr. 
Barrages Mobiles 


René Koechlin. (33) Feb. 27. 
Port Cette.* Francis Marre. (36) Serial beginning Mar. 10. 
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Vol. XXX. APRIL, 1904. No. 


AMERICAN SOCIETY CIVIL ENGINEERS. 


INSTITUTED 1852. 


PAPERS AND DISCUSSIONS. 


This Society not responsible, body, for the facts and opinions advanced 
any its publications. 


SEDIMENTATION. 


PRESENTED JUNE 1904. 


Since Sedden published his paper Water Settle- 
there has been but little published discussion the theory 
this subject, but the practice building and operating sedimenta- 
tion basins has advanced materially. For example, has been found 
St. Louis that continuous operation, that say, continuous 
flow water into, through and out the basin, gives quite good 
results the intermittent operation which was studied Sedden, 
and the new arrangement allows the effluent delivered higher 
level, the economical advantage which evident. The use 
baffles has also been learned, and has been shown clearly that 
basin will much work larger basin without 
baffies. discussion the subject from theoretical standpoint, 
view these developments, may lead better understanding it, 
the collection better data, and improvements design. 

The processes which take place sedimentation are extremely 
complex; discuss them once their entirety seems hopeless. 
First, conditions much simpler than those which actually exist must 


papers are issued before the date set for presentation and discussion. 
Correspondence invited from those who cannot present the meeting, and may 
sent mail the Secretary. Discussion, either oral written. will published 
subsequent number Proceedings, and, when finally closed, the papers, with discussion 
full, will published Transactions. 
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assumed, and from these simple assumptions the more complex 
conditions can approached. 


GENERAL ASSUMPTIONS. 


Let assumed, first, that whenever particle suspended 
matter hits the bottom remains where strikes and never carried 
forward the bottom picked again; second, that all the sedi- 
ment the water the same hydraulic value; that say, that 
every particle settles through water the same rate every other 
particle. 

Let =the time required for particle sediment fall from 
the surface the bottom the water the basin, the 
water meanwhile being absolutely still; 

the time sedimentation case the action intermit- 
tent; and, case continuous operation, let the 
quotient obtained dividing the capacity the basin 
the quantity water entering leaving during 
each unit 

the number basins, case several basins are used suc- 
cessively 

=the proportion sediment remaining the end the 
process, the amount the beginning being taken 
unity. 

Proposition 1.—Assume basin full water containing sediment, the 
water being absolutely rest and remaining. 

Under these conditions, each particle sediment will settle toward 
the bottom its determined velocity. the end certain period 
particles will have been removed from top layer water, 
which layer will thick the distance that particle will fall 
the elapsed interval, while amount sediment equal that 
originally contained the cleared layer the top will have been 
deposited upon the bottom. The time required for the removal all 
the sediment will the time required for particle settle from 
top bottom, and the proportion removed shorter period, 


will and the proportion remaining will one, less this 


wie 


then have:. 
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The values for various values are plotted Fig. 
Line 


o 
2 
o 


actual settling basin the water mixed more less from top 
bottom the process, with the result that the sediment does not 
the manner indicated the assumption. The most 
important causes motion are: 

1.—The kinetic energy the water enters, which, according 
Sedden, still capable producing vortex motion after long 
periods, but which can much reduced controlling the water 
the entrance that has only very low velocity. 

2.—The action wind (acting open, but not covered, basins). 

3.—Changes temperature, which, even though slight, change the 
specific gravity the water and produce currents it. 

development this proposition, and the motions the 
water, and the resultant mixings, given much detail Sedden’s 
paper. 

Proposition 2.—Assume basin containing water, with sediment 
before; and assume that the water kept mixed during the process sedi- 
mentation such extent that the density the sediment all parts 
the basin always the same. 


inappreciable. The proportion sediment remaining after the expi- 


| $s. or. Time of Settling, in Terms of Time Required for One Particle to Settle from Top to Bottom. : 
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ration this period, according Equation will Now, 


the sediment remaining after each subsequent interval, will the 
same proportion the amount present the beginning that inter- 
val was after the first interval. If, therefore, the proportion re- 
maining after the first interval multiplied itself many times 
there are intervals, the amount left the end the period will 


obtained. The number intervals will and have 


solve this, make and develop the binomial theorem. 


then found that when 0.367878. The values for 


other values can computed from this value the use 


logarithms, and these values are plotted Fig. Line 

The mixing assumed obviously more complete than could exist. 
maintain would require infinite velocities. This condition 
impossible, but represents one limit series, the intermediate 
terms which exist; consideration the conditions the limit 
aids the study actual conditions. the degree mixing were 
than assumed, the rate deposition would more rapid. 

Modification Proposition 2.—Assume that the mixing such 
keep the density the sediment all parts the lower seven-tenths the 
depth the basin the same, and that the upper the depth 
the density the whole decreases gradually from the full amount nothing 
the surface, the average density being nine-lenths the density the 
bottom. 

This assumption agrees reasonably well with the observed densities 
sediment different depths sedimentation basins. The amount 
sediment the whole basin will then nine-tenths what 
would the density the sediment the bottom were maintained 
the top, and the density the bottom layer, from which sedimen- 


tation taking place, will what would the mixing 


were complete. The amount deposit any interval time depends 
upon the bottom density, and would thus one-ninth faster than 
would with absolutely complete mixing. given value will 


| 
| 
le 


354 SEDIMENTATION. [Papers. 


then obtained nine-tenths the time that would required 
for equal value the assumption complete mixing. 

This should corrected slightly, because the outset the sedi- 
ment the top will dense below. The advantage only occurs 
after the water the top has commenced toclear. can assumed 
that the time required for this initial cleaning the top will 0.1 
and the gain will amount 10% all subsequent time. The equa- 
tion this new line not computed, but easily laid off graphically, 

This line may taken representing the rate deposition 
sediment the intermittent system. That say, when basin 
filled, allowed stand until settled, and then drawn off. com- 
pare this line with the results obtained with basins operated with 
continuous flow through them, necessary take into account 
the reserve basin capacity required for the intermittent system 
That say, the period taken for computation covers 
only the time that sedimentation actually taking place. Before 
this commences, the basin must filled; and, after over, the 
basin must emptied. These operations take time. The amount 
time out service will dependent upon the conditions service; 
and, assuming equal the time actual use, then twice 
much basin capacity will required, produce given result, 
indicated this line. line drawn upon this basis Fig. 
marked 

Proposition 3.—Assume sedimentation basin operated the continu- 
ous plan; that say, with water constanily entering one place and 
leaving another. Assume that the water the basin kept constantly 
and perfectly mixed, that the density sediment all parts the 
same. 

the water the basin always perfectly mixed, the density 
sediment the mixture the sume the effluent, 
namely, period, da, the proportion sediment deposited 


will and the amount deposited will The amount 
water entering will and, the amount sediment this 


water unity, the amount sediment will The amount 


sediment carried the effluent will multiplied this amount, 


q 


> 
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The amount sediment deposited must the differ- 


ence between that the water entering and leaving the basin, and 
have 


Solving, obtain, 


The values computed from this equation are shown Fig. 
Line 

First Modification Proposition that the water near the 
surface carries less sediment than the water the lower part the basin, 
owing the fact that the mixing not complete. 

Sedimentation will take place more rapidly than indicated 
the equation, and the correction made can computed the 
method used under Proposition and, the same assumptions, 
will amount per cent. 

Second Modification Proposition 3.—Assume that the entering water 
has velocity great prevent the deposition sediment over certain 
area, 

far this the case, the rate deposition for the whole basin 
will less than computed, the proportion that the area over which 
the excessive velocity acts bears the total area the basin. 

The two corrections suggested the modifications Proposition 
act opposite ways and tend balance each other. 

Proposition 4.—Assume two basins arranged that the effluent from 
one enters the second, all the other conditions remaining assumed under 
Proposition 

The time period for the first basin becomes The proportion 


sediment remaining after passing the first basin will then be, 


Equation and the proportion this amount remaining 


after passing the second basin will the same was the first 
basin, the amount contained the water leaving the second basin 


will then the square the proportion the water leaving the 
first basin, and have: 
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The values computed this equation are shown Fig. 
Line 

Proposition 5.—Assume series basins, the water flowing from 
each the next, other conditions remaining the same. 

The computation will then the same under Proposition 


and have, 
144 


The values for three are Fig. Line for 
four basins Line for eight basins, Line and for basins 
Line 16. 

single basin very long, and the flow through very regu- 
lar, obvious that the ends will have tendency act separately; 
or, other words, act were two basins. The formula 
general, and can make 1.5 for use with such single basins. 
This line plotted Fig. Line 1}. 

Proposition 6.—Assume infinite number basins, that say, 
absolutely complete baffling and continuous forward movement the water 
all poinis, mixing from top boitom, but with mixing backward and 
forward. 

The value Equation becomes infinity, and have 


This equation gives the same values Equation and these 
are represented Line other words, theoretically, sedimen- 
tation basin operated the continuous system with absolutely com- 
plete baffling, would give the same results basin the intermittent 
system kept absolutely mixed from top bottom. 

Proposition 7.—Assume that there are areas, corners, etc., where the 
water remains away from ihe current passing through the basin, and with 
little exchange with it. 

these areas are entirely out circulation, they might well 
not there, and sedimentation will take place the remaining area 
they did not exist. there some circulation between these 
nearly dead areas and the current, they will service. the cir- 
culation sufficient keep the density the sediment the water 
these areas that the water the current the point where 
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the current touches the nearly dead area, then sedimentation will 
taking place these areas actively elsewhere and deduction 
should made for them. the circulation less active than this, 
the water will contain less sediment than the current, but still some 
proportion it, and the efticiency the spaces will direct pro- 
portion the density the sediment the water them. 

For instance, the whole area such nearly dead space 20% 
the area the basin, and the water them contains half 
much sediment the water the current, then 20% the area 
doing half duty; and the whole amount work done will that 
which would done basin nine-tenths large, and such 
areas. 

Proposition 8.—Assume that the water basin has, the bottom, 
everywhere, some places, such velocity that will keep the particles 


moving and hold them suspension, and will prevent them from being 
deposited. 


the deposition particles, the work the basin will less complete 
than would otherwise be. would seem that deposition would 
limited particles large capable being deposited the 
existing bottom velocity and that the work the basin would 
limited the removal particles larger than this size. This, how- 
ever, probably not quite correct, because the velocities basin 
are variable, and even though the average bottom velocities were such 
prevent the deposition particles certain size, there would 
areas the basin where the velocities were below the average, and 
where these particles might deposited. The results accom- 
plished would thus represented the action smaller basin, 
the area which would that part the area the actual basin 
which the bottom velocities were low enough allow the deposition 
particles. The problem complicated one, but seems very 
clear that bottom velocities should avoided all points which 
would interfere with the deposition any particles which would 
otherwise removed. 

particle rested upon smooth bottom and wholly above it, 
bottom velocity equal the velocity which the particle would 
settle through still water would exert pressure equal the 
weight the particle, and thig would certainly suffice move it. 
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bottom, that say, bottom already covered with 
particles, many which might larger than the particle under con- 
sideration, would seem likely that only part the surface the 
particle would exposed, while the resistance moving would 
much greater. Still, would seem that the velocity was much 
excess the velocity which the particle would settle through still 
water, would Certainly, were moving with the water, 
would prevent from being deposited. 

thus seems fair conclusion that bottom velocity approxi- 
mately equal the velocity which particle would settle through 
still water would prevent deposition. This statement refers the 
velocity within distance the bottom measured the diameter 
the particle. That say, within 0.1 mm., and even within 0.01 
mm. the bottom and less. Now, nothing whatever known about 
the velocities very close the bottom. The bottom velocities which 
can measured are much farther from the actual bottom. 
that, with the moderate velocities usually present sedimentation 
basins, the action that water below the critical velocity, and that 
attached the bottom, and has bottom velocity, and 
that velocities only commence exist the bottom left, and only 
become appreciable distances greater than the diameters the 
particles under consideration. 

The ordinary mean horizontal velocities number sedimenta- 
tion basins, mentioned later, range from mm. per second. 
These velocities are low that seems certain that the velocities 
caused wind, and perhaps also temperature changes, will ex- 
ceed them. far this the case, the controlling velocity would 
due other causes than the general forward movement the 
water, and the velocity this movement becomes secondary im- 
portance. 

the velocities were much greater, the problem would become 
simpler. could then assumed that the bottom velocity was some 
proportion the mean velocity, and that the ratio between them was 
represented approximately constant factor, Then, the velo- 
city which particles settle through still water could taken as, 
approximately least, the limiting velocity which particles would 
deposit; and, multiplying this would give the mean velocity 
the greatest current which deposition would not prevented. As- 
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suming thus mean velocity, times great the velocity which 
the particle settles, the particle would have time settle from top 
bottom basin making forward movement equal times the 
depth the basin. 


Now, secure satisfactory removal particles with well- 
designed sedimentation basin the value must reach value which 


may taken approximately 1.5. That say, the horizontal 
course would require 1.5 times long that course through 
which water would flow while particle was settling from top bot- 
tom. This gives the limiting ratio the longest course which the 
water obliged follow passing basin the depth the basin 
about 1.5 make the water follow longer course than this 
would prevent the deposition particles this size. other words, 
prevent the dragging particles the bottom, the length the 
course should not greater than certain number times the depth 
the basin. 

The data hand for the strength current which prevents the 
deposit sand and gravel particles are not very good. From such 
data are hand would seem that the value from 40, 
and the corresponding length the course, proportion the depth 
the basin, from 60. This computation, obviously, can 
only applied high velocities and large particles, and has only 
suggestive value relation the lower velocities and smaller parti- 
cles discussed herein. 

The conditions which have actually been used are easily learned. 
There found the basins mentioned later: Little Falls, 
basin which the length the course but three times its depth; 
basins Ithaca and Watertown, with courses about twenty times 
their depths; basins St. Louis and with courses about fifty 
times their depths; and Kansas City, basin with course more 
than eighty times its depth. There are other cases, doubt, partic- 
ularly where baffles have been used, where the ratios are even higher. 
unfortunate that not known whether not the practice 
these cases has been well founded, and whether the basins mentioned 
present conditions sufficient repose that particles stay down 
when they hit the bottom, whether the bottom velocities are such 
keep the smallest particles moving even after they hit, and 
limit the action the removal coarser particles. 
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Proposition 9.—Assume very shallow sedimentation basin. 

The most common method expressing the size sedimentation 
basin state the length time that takes water pass through 
it, or, more accurately, the quotient obtained dividing the capacity 
the basin the quantity water entering leaving unit 
time. There has been feeling, which was expressed Sedden, and 
others, that the area rather than the capacity basin measures 
its usefulness. all the formulas deduced herein, the completeness 


removal direct function The effect the area and 


depth basin the value this ratio will now examined. 
the quantity water treated unit time; 
=the hydraulic value the sediment, or, other 
words, the velocity which settles still 


water. 


other words, the proportion sediment removed function 
the area the basin and the hydraulic value the sediment, and 
the quantity water treated unit time, and entirely inde- 
pendent the depth the basin. Thisis true all the propositions 
which have been considered herein. very shallow basin will thus 
precisely the same work deeper one the same area. 

interesting deduction can drawn from Equation 


represents the upward velocity which would result from the 


uniform upward the water through the horizontal area the 
basin, and the value can found dividing the hydraulic 
value the particle, represented this computed upward 
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velocity; and conversely, the hydraulic value particles removed 
multiplying this computed upward velocity the assumed value 
This gives means computing the results which may 


expected from given basin, which does not involve knowledge 
its depth. 

The only way which the depth influences the efficiency sedi- 
mentation preventing bottom velocities too great allow the 
deposition sediment. obvious that depth has important 
bearing this respect; was shown Proposition (with some 
limitations), the longest horizontal length course which can 
allowed directly ‘proportional the depth, and too little depth 
would limit the size the basins impracticably small dimensions. 

Proposition 10.—Assume that the water passing through sedimenta- 
tion basin flows the top thin layer and that the water below this layer 
remains quiet nearly so. 

This condition may caused rise the temperature the 
entering water which will tend tokeep atthetop. This, practically, 
has the effect making shallow sedimentation basin. But, 
Proposition shallow basin effective deeper one, long 
the bottom velocities not prevent the deposition sediment. 

this case the bottom velocity upon the still water below, and 
not upon the actual bottom the basin. The line between the 
ing water and the quiet water must necessarily somewhat indefinite, 
and the still water below forms almost ideal receptacle for the 
particles which settle from the water above. The basin, therefore, 
will all the work that could the flow extended the bot- 
tom, and, addition, the question bottom velocities eliminated. 
This condition seems attractive suggest the desirability 
putting low baffles the bottom sedimentation basins hold the 
water for some distance above the bottom still, comparatively so, 
and confine the current the upper part the basin. 

Proposition 11.—Assume that the water passing through sedimenta- 
tion basin flows thin layer upon the bottom and that the water above this 
layer remains quiet, nearly so. 


This condition may caused fall the temperature the 
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entering water which would tend keep the bottom. This, prac- 
ically, has the effect making shallow sedimentation basin, but the 
question bottom velocities made more difficult, for the current 
near the bottom and more rapid than would beif the flow were 
uniform. This condition may thus greatly reduce the efficiency 
sedimentation. 

Proposition 12.— Assume sedimentation basin with skimmers take 
the water equally from the surface all points, and flow the 
basin the top, the incoming water being distributed near the bottom. 

The first clearing the water the process sedimentation 
the top. occurs almost instantaneously. were possible 
remove this water from the top fast cleared, and before had 
chance mix with the more turbid water below, great improvement 
could obtained over the conditions previously assumed. 

make the process effective, would necessary provide 
skimmers skim the entire area the basin. This idea was first 

expressed the Rockner-Rothe sewage precipitation tanks, built 
Germany, fifteen years ago more, and example which was 
erected the World’s Fair Chicago 1893. more recent appli- 
cation found the Denver Water-Works.* this arrangement 
could developed its theoretical limit, would give removal 
sediment corresponding Line which the ultimate theoretical 
limit. not possible reach this, because even with the best 
skimming there will some mixing and consequent drawing from 
below the surface. The Line drawn representing probably 
close approach the theoretical could reached with the best 
system skimmers. This line shows clearly the advantage this 
process drawing. 

many cases skimmers have been provided take water from the 
top, but such skimmers have usually been located point, 
few points, and, these cases, unless differences temperatures pre- 
vent, water drawn them from all directions, from the bottom 
well from the top, and the skimmer only serves take the surface 
water small circle its neighborhood, probably not much 
greater radius than the depth the water. 

Proposition 13.—Assume that the sediment, instead consisting 
particles the same hydraulic value, particles which settle 
different velocities. 
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all particles which settle the same rate considered be- 
longing one class, each class will follow its own law deposition 
and will down the rate which they would the other par- 
ticles were not present. making this assumption all matters 
coagulation and flocculation are excluded. 

The hydraulic values particles different sizes can taken, 
and the value can computed for each size. The value will 


the same for all. The values can then obtained, and they 


will inversely proportional the hydraulic values the particles 
various sizes. Taking, then, the curve Fig. corresponding 
the type basin which being considered, the corresponding value 
for particles each hydraulic value can found; that say, 
the percentages the particles those sizes remaining after the 
treatment. this way, mechanical analysis the sediment 
the raw water were available would possible compute the 
mechanical analysis the sediment the 

Another way compute the size the smallest particles removed 
percentage removal which shall taken sufficient. This per- 
centage, course, arbitrary. would hardly taken less than 
one-half nor more than seven-eighths. Perhaps three-fourths would 
answer the purpose. The sizes particles removed other propor- 
tions will always bear about the same relations the size selected. 
That say, the particles which 75% are removed are taken 
having diameter 1.00, then 50% the particles having diameters 
0.78 will removed, and the particles having diameters 
1.47 will removed. These figures are based the use Line 
and upon Table No. and are for particles Jess than 0.03 mm. 
diameter. For coarser particles, and with other types sedimenta- 
tion basins, the proportion would vary slightly. will seen that, 
considering the great range size particles sediment, the sizes 
not vary very greatly, and the size computed this way may 
taken roughly representing the size removal. That say, 

such size that particles larger than will removed and particles 
smaller than will remain. The method computing this size was 
stated under Proposition 

Proposition 14.—Assume that sedimentation basin divided hori- 
plates into two more compartments, one above another. 
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the action sedimentation basin dependent upon its area 
and not upon its depth, one horizontal subdivision would provide 
surfaces receive sediment instead one, and would double the 
amount work that could done. Twosuch divisions would treble 
it, Ifthe basin could cut series horizontal 
plates into large number shallow passages, the increase effi- 
ciency would very great. The matter bottom velocities would 
have carefully looked after, and the ratios length depth, 
the depth this case relating each compartment, would have 
maintained. say, the apparatus must arranged that 
the whole process takes place short distance flow, this distance 
being proportional one the spaces between the plates. Such 
apparatus may called scrubber. 

The most serious practical difficulty met carrying out this 
idea the method cleaning. The whole apparatus must subject 
easy and cheap cleaning. Cleaning will required much more 
frequently, because, with the depth reduced to.a low figure, the quan- 
tity water passed through given space given time would 
correspondingly increased, and with the amount sediment de- 
posited. Ifasedimentation basin ft. deep requires cleaned 
once year, there would corresponding necessity for cleaning 
scrubber with spaces in. between plates 120 times year, daily 
oftener when the water was turbid. 

Proposition 15.— Assume that turbid water passing through layer 
sand, the ordinary process filtration, and that sedimentation 
taking place all the pores, and that other influence work re- 
move the sediment. 

this case the sediment deposited the surfaces the sand 
particles facing upward places where the current not strong 
enough prevent deposition. 

Assume layer sand 1m. thick, with effective grain size 
depth over the surface daily. This rate filtration equal 
movement the water column above the sand 0.0347 mm. per 
second. The voids are about 40% the whole volume. the pores 
were all straight and cylindrical from top bottom, the velocity 
the water them would 0.0347 0.4 0.087 mm. per second. 
50% added represent the increased length the passages because 
they are not straight, the velocity would 0.13 mm. per second. 
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Experiments have been made passing solutions salt and water 
alternately through sand, which show that the passage water 
through sand large part the water the sand has low velocity, 
while small part has much higher velocity, that part any 
given lot water will make its appearance fraction the time 
which would required the displacement were complete. other 
words, some the passages the sand are large and comparatively 
direct, and them the water moves more rapidly than the average, 
while the other passages are smaller and less direct, and these the 
movement slower than the average. 

assumed that two-thirds the water the sand practi- 
cally quiet, and that the forward movement takes place the pores 
representing one-third the total volume, the average velocity 

pores will three times great computed, about 0.4 
per second. the individual pores are, most, only fraction 
millimeter size, appears that where the velocity greatest, 
given particle water will pass through single pore period 
time which may roughly stated little less 
the other hand, the smaller pores, where the movement less rapid, 
the water may remain one pore for several seconds. 

The velocity 0.4 mm. per second would not prevent the deposi- 
tion large particles sediment, but such particles are removed 
the top simple straining, and the particles removed deposition 
the sand pores would only very small particles, and this velocity 
might too great allow this subsidence. the side passages, 
however, with lower velocities, conditions for subsidence would 
much more favorable. Regarding the sand sedimentation basin, 
somewhat analogous long series compartments connected 
one side only, with passageway which current maintained. 
The bulk the movement the passageway, but there always 
some circulation from the chambers, which keeps the supply 
sediment particles them and affords opportunities for sedimenta- 
tion, and the whole should act sedimentation basin, even though 
the velocity the channel too rapid allow subsidence. 

The area the surface the sand grains, sand the effective 
size mentioned above, which about the size commonly used water 
filters, surprisingly large. approximately equal sq. 
per kilogram dry sand, and the surface area particles cu. 
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thick, the area the sand particles 000 times great the area 
the space occupied the sand. 

that, the total surface area, one-sixth placed hori- 
zontally and facing upward, near enough this position make 
capable receiving sediment. Assume, further, that half this 
area contact with other sand grains, too near them 
available. Assume, further, that one-third the remaining area 
placed that the water passing will have velocity 
excess the rate which would allow the deposition the finest 
particles. This reduces the area available for receiving sediment 


area 444 times great the area the the sand. 
other words, the opportunities afforded for sedimentation are 
equivalent those sedimentation basin with area 444 times 
that the filter, basin equal the filter area and with 444 
horizontal divisions, each capable receiving sediment. The velo- 
city column water the same area the space occupied 
the sand amounts 0.0347 mm. per second. Dividing this 444, 
found that the upward rate over the area capable receiving sediment 


with 75% removal, the hydraulic value the corresponding par- 
ticles becomes 0.000108, and the diameter particles corresponding 
this (as will shown subsequent paragraph) 0.0003 mm. 
other words, considered sedimentation basin, filter sand the 
ordinary coarseness and depth, and about the ordinary rate 
tion, would remove the bulk all particles more than 0.0003 mm. 
diameter. The finest clay said consist particles about 0.0001 
mm. diameter. filter would thus fail remove the 
finest clay, but would remove all coarser sediment. This conclusion 
agrees precisely with the facts. 
the rate filtration increased, the hydraulic value the par- 
which are removed will increased the same ratio that the 
rate increased; while, the size the sand grains increased, the 
area the surface the particles will vary inversely the effective 
and the hydraulic value the particles which can.be removed 
‘will increase directly with the effective size the filtering material. 
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The hydraulic values the particles which can removed will thus 
vary directly with the rate and directly with the effective size the 
filtering material. Assuming that the hydraulic value the particles 
increases the square the diameters, this relation can stated 
thus: The diameter particles removed 


effective size sand rate filtration. 
The value this equation, found approximately 0.0003. 
The diameters the particles removed are follows: 

For sand filters standard construction, sand 0.33 mm. effective 
size, rate 000 000 galls. per acre, the greatest size par- 
ticles passing 0.0003 mm. 

the rate filtration increased 000 000 galls. per acre 
daily, the greatest size particles passing 0.0005 mm. 

mechanical filter without coagulant, and with the same 
sand, rate 130 000 000 galls. daily, the largest parti- 
cles passing would seven times large those removed 
with sand filter, 0.0020 mm. 

scrubber containing gravel,with effective size mm., 
and operated rate 000 000 galls. per acre daily, 
the largest particles passing would 0.0070 mm. 


This size corresponds substantially with the computed size re- 
moval the sedimentation basins Albany and St. Louis, and, 
far this computation indicates, scrubber this construction 
would equivalent its effect upon the water the sedimentation 
basins use those cities. 

considering the probable course sedimentation sands and 
gravels one naturally influenced knowledge the action water 
larger spaces and higher velocities. must remembered 
that the capillary spaces the sand the viscosity the water 
controlling importance, and the principles flow are different from 
those with which one familiar from experience with larger masses. 

The purification water filters and scrubbers probably in- 
fluenced the flocculation particles, surface attractions, the 
presence organisms and, very likely, other influences which 
nothing known. impossible determine what part, any, 
sedimentation plays the ultimate effect obtained under these condi- 
tions, but interesting find that the results computed the appli- 
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cation the formulas deduced for sedimentation basins give results 
apparently agreement with the facts observed filtration; and, 
therefore, not irrational suppose that sedimentation the pores. 
these materials may play important part the results obtained. 


THE VELOCITY WHICH PARTICLES SEDIMENT SETTLE THROUGH 


The larger particles settle rapidly, the smaller ones very slowly. 
With very small particles the viscosity water controls, and the velo- 
city settlement, the hydraulic value, varies the square the 
diameter. With large particles friction controls, and the velocity 
hydraulic value varies the square root the diameter. There isa 
transition space between. This space covers particles from 0.1 1.00 
mm. diameter, ordinary sand, and also extends somewhat beyond 
these limits. 


Hydraulic value, 


Diameter par-| per 


ticles, Remarks. 
second. 
meters. 50°F. 

1.00 100 riments the writer. 
0.80 83 bY “ 

0 60 638 “ 
0.50 58 “ “ 
0.40 42 “ “ 
0°80 82 “ “ 
0.20 21 “ “ 
015 15 “ 
0.10 8 “ 
0.08 from connecting curve. 
0.06 3.8 “ “ “ “ 
0.05 2.9 ot “ “ 
0.04 2.1 “ “ “ “ 
0.08 1.3 “ “ 
0.02 0.62 Wiley’s formula. 
0.015 0,35 
0.010 0.154 
0.098 
0.006 0.055 
005 0.0885 
0.004 0.0247 
0.002 0.0062 
0.0015 0.0085 
0.001 0.00154 


values are not given being precise, but they are believed 
sufficiently accurate for the purpose this discussion. 
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The hydraulic values particles within these limits have been 
determined noting the time required for settlement for determined 
distance through water glass vessel. Particles different sizes 
were obtained the methods used the mechanical analysis sand. 
The specific gravity the particles about 2.65. The grains are 
irregular, and the diameters are taken the diameters spheres 
equal volume, 

For particles less than 0.025 mm. diameter, the formula given 
Wiley used, namely, the diameter being milli- 
meters and the velocity millimeters per second. The hydraulic 
values particles from 0.025 0.1 mm. diameter have been 
obtained drawing curve bet ween the lines representing the higher 
and lower values. Some these values are given Table No. 


The figures Table No. are for temperature 10° Cent., 
50° Fahr., which about the annual average temperature the 
water the northern part the United States. The finer particles 
settle more rapidly the water becomes warmer, but with the coarser 


ones temperature makes less difference. For the finest particles, the 
temperature the Fahrenheit scale. The relative hydraulic values 
the same particles different temperatures are follows: 


rate settling different temperatures varies being the 


Relative 
Temperature, Hydraulic 
alue. 

100 
110 
140 


summer temperature 74°, particle sediment will settle 
twice fast the freezing point. other words, given 
sedimentation basin will twice much work summer 
winter. Experience indicates the truth this deduction, and 
also true filters. 
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THE FLOCCULATION AND COAGULATION. 


flocculation understood the gathering together the particles 
sediment into aggregates. 


This takes place more less with 
clayey sediment. 


probably not very important matter sedi- 
mentation basins, because the opportunities for rivers before the 
water enters the sedimentation basins have been favorable that 
has gone far will readily before the water enters the basin. 

Coagulation artificial flocculation, and caused the addition 
chemical the water. The effect flocculation coagulation 
increase the size the particles, for the aggregates formed 
this way have subsiding values which may very much larger than 
the subsiding values their individual particles. Salt water induces 
flocculation, and the increased rate sedimentation when fresh 
water mixes with salt water explained this way; for can- 


not supposed that individual particle would settle faster salt 
water than fresh. 


The values secure the removal one-half, three- 


fourths and seven-eighths the particles given size, with basins 


different arrangements, and without regard excessive bottom 
velocities, are given Table No. 


No. 


VALUES 


ns. 

escription 0 § 53 a3 

Theoretical maximum (cannot reached)............. 0.50 0.75 0.875 
Surface skimming, Rockner-Roth system. 0.54 0.98 
Intermittent basins, reckoned service 1,26 1.89 
Continuous basin, theoretical 0.69 1.38 2.08 
One long basin, well 0.90 4.50 
Intermittent basin, half 1.26 2.50 8.80 
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The figures given Table No. under the respective headings 
represent the relative areas sedimentation basins upon different 
systems which would required produce equivalent results. 
will noticed that the differences between the different systems are 
always the same order (with the exception only the intermittent 
basin with the allowance for time out service), but the relative values 
are different for different percentages removal. With the removal 
one-half the particles given size the differences are less than 
for the removal three-fourths the particles, and for the removal 
seven-eighths the particles the differences are greater. 

From the standpoint preliminary treatment, there would 
something said favor taking removal one-half the 
sediment given size standard, because that would represent 
the bulk the material; while, from the standpoint entire clarifica- 
tion, the removal seven-eighths would better. The use the 
value corresponding three-fourths removal seems fair one for 
general discussion. 

The application the different lines shown Fig. actual 
sedimentation basins will now considered. Obviously, the condi- 
tions these basins are more complex than those assumed the 
propositions from which the equations the lines were deduced. 
Nevertheless, the propositions may represent sufficiently close 
approximation the facts practical use. 

Sedimentation basins operated the intermittent plan seem 
meet reasonably well with the assumptions which led Line and 
this line may taken representing the conditions such basins. 
Sedimentation basins with one compartment and with the water intro- 
duced one point and taken out another, without any special 
cautions distribute and reduce its velocity, may clearly taken 
being represented approximately Line Basins this type 
include the St. Louis basins, they were used two three years 
ago, that is, with water entering continuously one end and flowing 
out the other. sedimentation basin like that Little Falls, with 
the water entering the bottom and taken out the top the oppo- 
site side, presents peculiar condition because its depth very 
large proportion its length that the removal the water from 
the top, even though limited one side, may equivalent sur- 
face straining considerable part its area. Where several 
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basins are used successively, Kansas City and Omaha, the lines 
having number corresponding the number such basins may 
taken directly representing the conditions. the case very 
long and narrow basin, the conditions are somewhat different. There 
tendency for the different sections along the length the basin 
act though they were separate basins. That say, there 
only limited amount circulation between the different parts, and 
the process were carried far enough the basin would act 
were composed large number basins used successively. The 
sedimentation basins for sewage, designed Lindley Frankfort- 
on-Main, were this type. Clearly, they are equivalent several 
basins, but impossible say how high number should 
assumed. Sedimentation basins for water purification designed upon 
this principle have seldom been used. 

Where the water introduced very carefully one end side 
basin and removed the other side corresponding arrange- 
ment,.the conditions should materially improved over those 
single basin, and line intermediate between and may used. 

Baffling sedimentation basin consists building light walls 
partitions it, partially dividing into number compartments. 
The division only partial, but serves large measure prevent 
circulation between the different successive compartments. With very 
numerous sedimentation basin would evidently cut 
equivalent large number basins used successively. 
Practically, basin must not cut beyond the point which limited 
allowable bottom velocities, and, except particular cases, 
Line may perhaps taken representing practical limit the 
results obtained this way. Under very favorable circumstances, 
the results indicated Line might reached. 

Keeping the foregoing classification mind, the figures Table 


No. for the values for three-fourths the sediment removed, 


indicate the relative areas basins the different types required 
produce equivalent results. will seen basin, 
corresponding Line will much work single basin with 
nearly twice the area, where mixing throughout the whole volume 
allowed. Intermittent basins, allowing for the time out service, 


only slightly more efficient work than single basins operated continu- 
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ously, and, with the most rudimentary baffling, with the continuous 
system, puts the efficiency above that obtained the intermittent 
system. 

The theoretical efficiency the surface skimming shown, 


and only the practical difficulty and expense carrying out this 
method limits its use. 


The principles and results these discussions may better 
understood applying them number practical cases. The 
dimensions have been taken some cases approximate figures, and 
the quantities water assumed passing are nominal. several 
cases they have been taken the capacities the plants, other 
cases the approximate quantities recently treated. The quantity 
water treated obviously affects the results materially. some cases 
where plants have been operated much less than their nominal 
capacities the actual results have probably been correspondingly more 
favorable. 

Several coagulation basins, used connection with mechanical 
filters, are included. The primary purpose these basins allow 
the necessary time for the chemical changes take place, but the 
process facilitated having them act sedimentation basins, and 
therefore fair discuss them this way. course, these 
cases, the material removed flocculent nature, very different 
its subsiding value from the sand and silt which taken the basis 
the computation; and the sizes given, therefore, are the sizes 
sand particles equal hydraulic value, and not the actual sizes the 
flocculent particles. 


Table No. statement the data, the computations re- 
garding number basins. 

The results shown Table No. are very striking. The system 
reservoirs Washington should remove particles 0.003 mm. 
diameter, although the horizontal courses are long that bottom 
velocities may limit the results. The Kansas City basins remove par- 


ticles 0.005 mm. The St. Louis and Albany basins remove particles 


down 0.007 mm. diameter. The results from the coagulating 


basins Ithaca and Watertown are close together, with removals 
0.018 mm. The Warren tank, Pittsburg, removed particles down 
0.034 mm. and the Jewell down 0.047mm. The basin Little 
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Falls gives the poorest sedimentation all, being only able remove 
particles more than 0.077 mm. diameter, which coarse silt very 
fine sand. The latter must regarded coagulation basin, only, 


and obvious that the sedimentation which takes place must 
very limited. 

The fundamental proposition, clearing water sedimentation, 
seems that every particle sediment moves downward through 
the water velocity depending upon its size and weight and upon 
the viscosity the water. Particles sediment are generally far 
apart that they not influence each other; and, while there 
doubt that they sometimes collect groups and thus change the 
conditions, seems generally true that each particle will settle 
other particles were present. 

the water basin were absolutely quiet there would reg- 
ular sequence clearing beginning the top. The coarsest particles 
would down fastest, but any given point there would grad- 
ual clearing, and this clearing would take place most rapidly the 
top, and, after longer intervals, lower points the basin. 

Sedden started out with this theory, but found not 
accordance with the facts. His observation showed that while the 
amount sediment the water the top was little less than 
the water the bottom, the distribution was nearly throughout 
the mass, condition affairs inconsistent with the theory. ac- 
counted for this distribution sediment the constant mixing 
the water from top bottom, and the sustaining power vortex 
motions the water. These motions thought arose from the in- 
ternal motion the water the time entrance, and from wind, and 
from temperature changes. 

The writer has taken Sedden’s development the case his 
starting point, and has carried the discussion further. believes 
that while the internal motions keep the water mixed, and with nearly 
the same density sediment from top bottom, the tendency the 
particles sediment settle nevertheless unbalanced force 
always acting take the particles the bottom, and the number 
particles that hit the bottom given time proportional, first 
the velocity which the individual particles settle, add second the 

density sediment the water immediately above the bottom. 
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With these fundamental relations mind, easy compute 
and express simple formulas the proportions particles sedi- 
ment given hydraulic value which will hit the bottom under given 
conditions and which, therefore, presumably, will removed. 

The fundamental propositions may very concisely expressed. 
They are: First, that the results obtained are dependent upon the 
area bottom surface exposed receive sediment, and that they are 
entirely independent the depth basin; and second, that the best 
results are obtained when the basins are arranged that the incoming 
water containing the maximum quantity sediment kept from 
mixing with water which partially clarified. other words, the 
best results are obtained where any given lot water goes through 
the basin with the least mixing with the entered before 
it, and with the water which enters after it. This practically ac- 
complished dividing the basins into consecutive apartments 
baffles otherwise. 

Thus far, the discussion easy and apparently certain. The next 
step more difficult one. relates bottom velocities, and has 
with the question whether these velocities are such allow the 
particles remain the bottom when they get there, whether 
they will taken again and kept motion with the body 
the water. This point upon which further experimental data are 
needed. The problem securing such data seems difficult. 
The observations must made the bottom layer liquid 
considerable thickness, where the conditions observation are not 
favorable. The observations, further, must made very low velo- 
cities and particles small practically microscopic. 

Whatever view may taken the second part the problem, 
whatever researches upon may show, the basins most 
favorable taking particles the bottom should stand. 

The computations made this paper show the reasons for several 
forms construction already successfully used, and suggest further 
possible improvements design. 
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This Society not responsible, body, for the facts and opinions advanced 
any its publications. 


THE GATUN DAM. 


Menocal, Am. Soc. E., stated that the Government Com- 


mission, appointed 1875, reported, canal with locks, from 
Colon Panama, follows: 


aqueduct having twelve spans ft. each, 900 ft. extreme length, 
ft. wide and ft. deep.” 


discussing this the late Ashbel Welch, Past-President, 


Am. Soc. E., thorough and noted canal engineer his day, 
said: 


first thought American canal and river engineer, 
looking Lesseps’ raised map, convert the valley the 
lower Chagres into artificial lake, some miles long, dam 
across the valley near the point where the proposed canal strikes 
few miles from Colon, such was advocated Mr. Ward.” 

The site proposed for this dam was Gatun, 7.5 miles from deep 


water Colon,.the end the canal. But, well known, the use 


Transactions, Am. Soc. E., 1879, Vol. 311. 
Transactions, Am. Soc. E., 1880, Vol. 148. 


are issued before the date set for presentation and discussion. 
Correspondence invited from those who cannot present the meeting, and may 
sent the Secretary. Discussion, either oral written, will published 
subsequent number Proceedings, and, when finally closed, the papers, with 
full, will published Transactions. 
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locks was not thought under Lesseps domination, 
and sea-level canal was commenced 1883. 

1887 was last decided that locks would have used, 
and from that time the present, various locations and elevations for 
the necessary locks have been suggested and different sites for the 
great dam selected. 

The New Panama Canal Company and the Isthmian Canal Com- 
mission 1899, the latest authorities, agree locating the dam near 
Bohio, 16.5 miles from deep water Colon, miles farther 
stream than Gatun, the location suggested Mr. Welch 1880. 

Furthermore, the Isthmian Canal Commission says its report 
that ‘‘no location suitable for dam exists the Chagres River 
below 

The late George Morison, Past-President, Am. Soc. E., 
the Isthmian Canal Commission, commenced his paper 
the Bohio Dam, which was presented this Society March 5th, 
with this sentence: 


All engineers who have examined the route the Panama Canal 
agree that the neighborhood Bohio the only available location 
for the dam which the summit level must maintained.” 


Neither these authorities mentions gives any consideration 


the project adam Gatun, nor even condemns it; nor the 
writer aware that any soundings other examinations, looking 
dam that point, have ever been made. 

this question may worthy more consideration than 
seems have received, some its advantages may stated. The 
canal, proposed the latest authority, the Isthmian Canal Com- 
mission, may briefly described follows: From deep water 
Colon Harbor the Bohio Locks, the Atlantic Maritime Level, cut 
mostly through the low flat valley the Chagres, will 16.81 miles 
long. The two Bohio Locks, with lift ft. each, reach the Bohio 
Lake, formed the Bohio Dam, with maximum elevation ft. 
above tide Colon Harbor and area miles. Thesummit 
level thus attained extends through the Culebra The distance 
from the Bohio Locks the Culebra Cut 13.61 miles, and from 
thence through the Culebra Cut the Pedro Miguel Locks the 
farther end the level the distance 7.91 miles. The maximum 
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combined fall these two locks ft. From Pedro Miguel Locks 
level 1.33 miles extends Lock, which has maximum 
fall ft. mean low tide Panama Harbor. For distance 
miles beyond this lock the canal extends, through the low swampy 
country which the Rio Grande flows, point known Boca, 
the edge Panama Bay. dredged channel extends from this 
point 4.41 miles the 6-fathom line Panama Bay. 

Allowing 0.90 mile for the various locks, the total length canal 
49.09 miles. 

the suggested dam Gatun, the New Panama Canal Com- 
pany has made map the region where the dam would 
probably located, This map reproduced Plate 
XXI, and from the writer has constructed section the pro- 
posed center line the dam. This section indicates the surface 
the ground, but, unfortunately, does not show the rock other solid 
foundation. dam were built here, impounding the water 
elevation ft., then, course, the Bohio Dam and the locks and 
spillway would omitted, and locks would built Gatun. 

The length the dam would 750 ft., while the length the 
Bohio Dam 546 ft. The area the section nearly three times 
that Bohio; therefore, might not out the way, for the 
present, say that the cost the Gatun Dam would possibly 
three times that estimated for the Bohio Dam, $19 
present, there seems reason think that the locks would 
cost more one place than the other, but the spillway should 
somewhat longer, and might cost more. There may question 
whether the hills the east Gatun are high enough contain the 
Gatun Lake elevation ft., but the raised map made the 
New Panama Canal Company, reproduction which seen 
Columbia University, indicates sufficiently high ground. The lake 
would extend far the valley the Rio Gatun the west and the 
Rio Trinidad the east, and submerge the Chagres Valley for miles, 
including the Aqua Clara, Pena Blanca, Vino Tinto and Bruja Swamps, 
cover sq. miles swampy land, and thus improve the health- 
fulness the country. This lake area added the 38.5 sq. miles 
the Bohio Lake would benefit every way and would render 
the Alhajuela Dam the Upper Chagres unnecessary. Between 
Gatun and Bohio the excavation the sea-level canal, the Pena 
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Blanca Swamp outlet Aqua Clara Swamp, the Chagres diversion 
from Aqua Clara Swamp near Gatun and the diversion the 
Rio Gatun, would become unnecessary, and their cost would 
saved. These items amount $14 635 604, sum large enough 
pay the assumed extra cost the Gatun Dam and leave about 
000 000 pay for changing the line the Panama Railroad and 
the possible additional cost the spillway. these assumptions 
should prove practicable, the result would better and safer canal, 
shorter time transit, and more healthy conditions, all greater 
cost and with lower maintenance charges. 

Gatun, with elevation ft., were found inad- 
visable, one ft. elevation might built and the Bohio Dam and 
Lake retained. Then the lower Bohio Lock would omitted and 
established Gatun and spillway built there also. The cost the 
45-ft. Gatun Dam might assumed $12 000 000, about twice the 
estimated cost the Bohio Dam. Its length would The 
head the Bohio Dam would reduced from ft., and the 
danger from seepage greatly reduced. 

seems quite possible that with this 45-ft. dam the total cost 
the canal would reduced few million dollars below the figure 
named the report the Isthmian Canal Commission. 

Turning from the Colon end the Canal the Panama end, 
appears that from the Miraflores Locks Boca, distance 4.12 
miles, the canal excavated sea level through low swampy 
country, with occasional rock, cost 458. sug- 
gested, plan worth consideration, that this lock located 
Boca, that dam and spillway built there and that the 4.12 miles 
swamp thus flooded, thus affording better and safer navigation 
than would had narrow channel. The main dam would proba- 
bly mile long, with two three shorter dams, and might cost 
more than the excavation the 4.12 miles canal that would 
saved. The malarial swamp would submerged, also. With the 20- 
ft. rise and fall tide Panama, the inrush and outrush the water 
that 4.12 miles sea-level canal might incommode navigation. All 
this would done away with the last lock was placed Boca. 

Recurring the suggested 45-ft. Gatun Dam, with its large lake, 
the plan reducing the elevation the from ft. 
may briefly considered. This elevation suggested, ft. seems 
the maximum permissible lift for lock. 
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The elevation ft. for the Bohio Dam seems have been se- 
lected with reference flood control and order that the resulting 
lake should have area large enough supply water for lockage, 
seepage and evaporation during the dry months, without too great 
change the elevation the surface the lake. 

The 45-ft. dam Gatun would much farther down stream 
that might expected form large lake the 90-ft. Bohio 
Dam and all the functions the Bohio Lake. 

With one lock Gatun and one Boca, each ft. lift, the 
lockage would reduced minimum, and rapidity and safety 
transit would secured. The cost the modified project might 
follows: 


Colon entrance and 057 707 


Colon Harbor Gatun...... 942 293 
Gatun Dam, Spillway and Locks................. 000 000 
Lake Gatun, upper end 000 000 
Boca Dam, Locks and Spillway............... 000 000 
Panama Railroad diversion 000 000 
129 259 947 


The estimate made the Isthmian Commission, with the 
summit level ft., was $144 233 358. 

The suggestions years ago have thus been elaborated and pre- 
sented this short paper the hope that, the discussion, will 
appear whether examinations have been made, any the various 
commissions others, the practicability dam Gatun, and, 
so, with what result. 

should appear that such examinations have not been made, 
hoped that this paper will induce those authority make such 


examinations before deciding upon the final plans for the Panama 
Canal. 
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THE COLLAPSE BUILDING DURING 
CONSTRUCTION. 


the request some the members the Society, the writer 
presents this brief description the construction and collapse 
the Hotel Darlington, with the object bringing out discussion 
which may lead improvement the designs such buildings. 
Construction.—The building was being erected lots known 
Nos. and 594 West 46th Street, Borough Manhattan, City 
New York. The land measured about ft. width 100 ft. 
indepth. east and west sides, the adjacent buildings 
were the ordinary construction for residences—of brick with brown- 
stone fronts, four stories and basement height. 
The Hotel Darlington, the new structure was called, was 
being constructed the system, that is, all the weight was 
supported the columns. 
The outside walls were brick, and partly concealed the exterior 


row columns. These walls were continuous from the foundation, 
and did not rest girders the floor levels. 


papers are issued before the date set for presentation and discussion. 
Correspondence invited from those who cannot present the meeting, and may 
sent mail the Secretary. Discussion, either oral written, will published 
subsequent number Proceedings, and, when finally closed, the papers, with discussion 
full, will published Transactions. 
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The columns were cast iron, with end flanges, and with side 
brackets and lugs cast near the top carry the girders. All the col- 
umns were rectangular section, generally varying from ins, 
square in. thick, the basement, ins. square in. thick 
the upper floors. Each column 
had top and bottom flanges cast 
only the north and south sides, 
and each flange had two bolts. 
Fig. illustrates pical column. 
The thickness varied with the 
column position the building. 
Some the 9-in. columns the 
basement were in. thickness. 


foundation. 

The girders and floor beams 
were steel. The girders, gener- 
ally, ran east and west across the 
building. They were supported 
the brackets cast the col- 
umns, and were bolted the lugs 
with two bolts eachend. The 
beams, generally, ran north and 
south, and were bolted the gir- 
ders double-clip angles with 
two three bolts through each 
leg the angles. The floor mem- 
bers were all rolled sections— 
and channels—and many were 


marked and ‘‘Car- INCH COLUMN 

negie.” Fig. illustrates typical 


The floor arches were cinder concrete, laid Roebling 
system. The spans were variable, averaging from ft. ins. more 
than ft. The thickness the arches could not determined, all 
them were destroyed. 


The building was have been twelve stories and basement 
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height, with penthouse, one-story structure, partly covering the 
roof. floor was lettered, and the columns the same floor va- 
ried size. Table No. specimen schedule. 


TABLE No. 


Floor. Height. 
Side. Thickness. 

Height under side roof 2ins 


The construction had progressed until the metal work for the ninth 
floor had been erected complete, and some the work for the tenth 
and eleventh floors was place. The structure collapsed about 
1.30 Wednesday, March 2d, 1904. 

Observations the Wreckage.—On collapsing, the building fell 
downward with leaning the north, that is, toward the rear. 
viewed from sixth-story window the Hotel Patterson, situated 
immediately the rear 47th Street, the ‘‘center fall,” toward 
which all the various members pointed, more less, was little 
the west the center line the building and little the north 
line drawn between the rear walls the adjacent buildings, Nos. 
and West 46th Street. Practically all the material fell inward, ex- 
cept small amount, which fell over the rear wall against 
and into the Hotel Patterson. 

The columns the outer walls broke off, with approximate uni- 
formity, between the second and third floors, although the floor sys- 
tems the stories below, and the interior columns (except some 
the basement) were carried away, leaving the outer columns standing, 
from their foundations the points rupture. See Fig. 
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The columns were measured with calipers and showed fair uni- 
formity thickness metal opposite sides. The variation was 
about in. less. 

the great majority cases the columns broke the flanges, 
leaving one both the broken flanges bolted the corresponding 


ncret 


COLUMN FOUNDATION 
Seale of feet 


0 1 2 3 4 Hy 6 


flange the adjacent story column. few the columns were 
broken near the center. 


There were ribs cast on, stiffen the flanges. 


The column ends were faced. shims were found between the 
ends the columns. 


The holes the column flanges were drilled, and in. diam- 
eter. The bolts were in., and some were loose. The holes the 
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lugs for the girders were cast, and were about in. diameter. The 
holes the girders were about in. diameter. The bolts were 


The fractures the body the.cast-iron columns exhibited fairly 


good metal. The fractures the flanges exhibited blow-holes and 
honey-combing many instances. About 15% the flanges were 
honey-combed, about were defective, and about 60% were fair 
good. The defects did not show the exteriorsurfaces. The flanges 
varied from in. ins. thickness. 

The rolled-steel members the floor systems were twisted. The 
steel gave evidence being good material, and the bolts held well. 
number and channels—were taken from the débris, 
which, from the appearance the bolt-holes, had never been erected. 
Such pieces were marked for use the 10th, 11th and 12th floors. 
They were found chiefly top the ruins and rear. 
March 6th about twenty-two unerected pieces were taken out during 
the morning. The weight this unerected material was between two 
and three tons. Also, broken piece 11th-story column 32), 
which had been erected, was taken out with them. 

The concrete from the floor arches was broken, and few lumps 
larger than ins. were found. 

The foundations under the exterior and interior columns were 
found true and level. The cast-iron shoes under the columns were 
place and unbroken. The soil under the column foundations was 
clay every instance where dug up, both the front and back 
the lot. The foundations had area about ft. square, amply 
sufficient have sustained the load intended. 

Three hoisting engines and boilers were dug out the débris com- 
paratively slightly injured. Their boilers were intact. 

All members were bolted. Rivets were not used. There were 
diagonal braces, corner braces, any special means used provide 
lateral against wind side pressure. The columns were 
held their vertical positions the floor systems resting the 
bearing brackets. 

Cause bolts fastening the girders and beams against 
the column lugs were smaller diameter than the holes, that the 
columns received little lateral support. The column lengths 
were bolted together top and bottom, and acted continuous col- 
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umns. loads were eccentrically supported the side brackets. 
The columns were too long carry the superimposed weight. One 
column situated near the center (previously described) 
broke. The upper part this column, being deprived its support, 
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fell and pulled with the floor members bolted it. Each these 
floor members pulled over the adjacent columns which the other 
ends were attached; and these columns, having lateral support, 
broke the lower flange, the pull had lever arm about ft., 
the length the column. The above-described action and reaction 


the stresses affected only those portions the structure above the 
level the original fracture. 
falling, the mass material from above crushed down and 


broke that part the structure below the level the original 
fracture. 


Hotel Patterson 
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VERTICAL SECTION ILLUSTRATING METHOD OF COLLAPSE 
Fie. 


The exterior columns did not break off low down the interior 
columns, because the mass fell away and did not crush them 
crushed the interior ones. The uniformity height which the 
exterior columns broke indicates strongly that the primary fracture 
about the level the fourth floor. 
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proof that the top fell into and toward the fall” 
before the lower part the structure collapsed, columns and 
were taken out the débris near the center fall” and from 
beneath other members which originally were connected points 
lower down the building. Near the same spot, column was 
found standing nearly upright position. these columns, the 
first was broken the center, and the other two the flanges. 

Furthermore, more the structure was south the 
fall” than north it, the northern rear portion was forced out- 
ward against the Hotel Patterson. This action illustrated 
Fig. 

proof that the original break did not occur the uppermost 
story, the unerected material and the derrick mast and boom were 
found top the mass débris. 

The structure collapsed because lack lateral support for the 
story columns, permitting them act continuous columns having 
length least radius gyration excess the known 
limits for safety. 
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Discussion.* 


Low, Am. Soc, (by letter).—The writer spent about Mr. Low. 
nine years the section country adjacent that traversed the 
Knoxville, Follette and Jellico Railroad, five years which were 
the service the Norfolk and Western Railroad, and the other four 
years with the Mathieson Alkali Works, Saltville, Va. 

discussing Mr. Taylor’s interesting paper, the writer desires 
especially confine himself description the Clinch Valley 
Division the Norfolk and Western Railroad, with which was very 
prominently identified. 

During 1886, was considered advantageous the representatives 
the Louisville and Nashville and the Norfolk and Western Railroads 
enter into closer Both systems controlled con- 
siderable mileage railroad, but were somewhat widely separated, 
the nearest points being Pineville, Ky., the former, and Graham, 


This discussion (of the Taylor, Am. Soc. E., printed Pro- 
ceedings for February, 1904), printed Proceedings order that the views expressed 
may brought before all members the Society for further discussion 


Communications this subject received prior May 27th, 1904, will published 
subsequently. 
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Mr. Low. Va., the latter line, the distance separating them being about 200 


The central point was the vicinity Big Stone Gap, Va., which 
was first selected the junction point. The junction was subse- 
quently changed Norton, Va. 

was considered expedient hasten the construction the 
with all possible speed, the authorities the Norfolk 
and Western Railroad caused hasty reconnaissance their portion 
the line made late 1886. The report this reconnaissan 
stated that apparently very favorable line, grades and align- 
ment, could secured, the line after leaving Graham follow the 
Bluestone River its head, distance about miles, with maxi- 
mum grade ft. per mile, then, crossing the divide near Spring- 
ville, Va., the Valley the Clinch River, which was followed 
the mouth Guest River, distance about miles, with maxi- 
mum grades ft. per mile, then ascending Guest River, Norton 
Va. (then known Princes Flats), further distance about 
miles, with maximum grades not exceeding those other parts the 
line. Shortly after the reconnaissance was made, several survey 
parties were placed the field. One, starting Graham, covered 
the eastern end the line and, the Clinch River, kept 
its north bank. This preliminary survey disclosed decided 
peculiarity the Clinch River, the excessive sinuosity the 
stream, which for long stretches formed series escalops. The 
same conditions existed the western end, especially near the mouth 
Guest River, and along the latter stream. 

The section traversed the Clinch Valley Division the Norfolk 
and Western Railroad lies the western slope the Appalachians, 
which, this region, are made many local ranges, the general 
trend which about 60° The Clinch River flows mainly be- 
tween the Clinch Mountain the south and Sandy Ridge and Cum- 
berland Mountains the north, the latter being also the general 
southern limits the West Virginia and Eastern Kentucky coal fields. 
The railroad line just skirts the edge these measures, which are 
reached short branch lines. 

was this particular stage that Mr. Taylor’s Rule came 
into play. This rule reads: 

(4) making diligent study the whole country, with view 
selecting route with minimum adverse 

Owing the extremely adverse topographical conditions the 
valleys, became absolutely imperative seek for the most favorable 
ground, extremely radical departure from the selected route being 
possible. 

new survey developed the existence somewhat lower summit 


*Proceedings, Am. E., February, 1904, 136. 
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the head Wright Valley Creek, tributary Bluestone River, 
and the line was transferred the valley the former stream, 
maximum ascending grade ft. per mile having 
been adopted. 

the head the Bluestone River, the North Fork the Clinch 
River heads against the source Wright Valley Creek, and the line 
follows this fork the main river, with maximum compensated 
descending grade ft. per mile. 

From the foot this grade, the fall, for miles, was comparatively 
light, being about ft. per mile. then began fall more 
rapidly, the same time impinging upon the southern slope the 
Baptist Valley Ridge and gradually cutting through this ridge and its 
continuation, Kent’s Ridge, Cedar Bluff, Va. examination 
the profile (Fig. shows that the line leaves the Clinch River 
Mile 22.5, passing over what locally known Young’s Summit. 
Here occurs the first adverse grade (after passing Tip Top) gen- 
erally descending grade miles. This diversion from the river 
was justified account the excessive cost construction between 
Pisgah and Pounding Mill had the river been followed more closely. 

Between Pounding Mill and Cedar Bluff, the Clinch River 
extremely sinuous, the distance between two points river being 
more than twice that straight line. there was possible 
alternate route here, the river was followed, entailing extremely 
heavy work. This section the line shown detail Fig. 

After leaving Cedar Bluff the fall the river diminishes, being, 


for miles, Sword Creek, about 140 ft., less than ft. per 


mile. Although the course the river somewhat sinuous 
places, there were steep banks bluffs. Richlandsthere one 
adverse grade, which could have been abolished comparatively 
slight cost. 

was the original intention, previously stated, follow the 
river between Sword Creek and the mouth Thompson Creek, and 
the first survey was made this course. examination the 
general map, however, will show the tortuous windings stream 
between the points named. 

North Honaker there high spur known locally Big 
Mountain, the slope which toward the south. Through the base 
this mountain the river has cut its way, leaving the south 
range, variously known River Mountain and also Elk Garden 
Ridge. 

the cost the river line seemed prohibitive, alternate line, 
involving less expense, was sought. was called 
Thompson Creek paralleled the river the north for about miles. 
The headwaters this stream could also reached from Sword 


cross-country line, which utilized largely branch Lewis 


Creek. 
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Surveys this cut-off developed the fact that maximum grades 
ft. per mile could obtained, but order secure them tunnel 
000 ft. long would required. was considered too expen- 
sive feature, the maximum grade was increased ft. per mile, 
the modification resulting reducing the length the tunnel 900 
ft. the Honaker Divide. This change line resulted two 
adverse grades ft. per mile between Sword Creek and Honaker, 
and greatly increased the ruling grade the eastward. From the 
mouth Thompson Creek St. Paul the line again followed the 
river. Between these places some adverse grades occur points 
where the line cuts across large bends the river, these grades having 
been adopted order minimize the excavation. 

Perhaps the most difficult portion the line was the location 
between St. Paul and Coeburn. The enormous expense building 
line Guest River precluded this route the beginning. Another 
cross-country line was then adopted. This line, finally developed, 
left the valley Clinch River, Lick Creek, above St. Paul, 
gradually ascended the ridge forming the north bank the river 
until the top was reached, near Creagan Tunnel, and then following 
Russell Creek, passing through Big and Little Bull Tunnels the 
waters Bull Run, all which streams are tributaries Clinch 
River. order reach the main valley Bull Run the line passed 
through aspur means ofthe Holbrook Tunnel. Little 
Tom, occurred the head Bull Run and gave access the waters 
Little Tom Creek, tributary Guest River. The total elevation 
overcome was 556 ft. distance miles, corresponding 
average grade ft. per mile, although the maximum compensated 
grade used was ft. per mile. 

From Little Tom Tunnel the line descends Coeburn, with 
maximum grade ft. per mile, following the valley Little Tom 
Creek, until Guest River reached, which stream then ascended 
Norton, the maximum grade being ft. per mile. 

Referring again the location between St. Paul and Little Tom 
Tunnel (near Coeburn), may stated that, order overcome the 
rise with compensated grade ft. per mile, grade line more 
than 114 miles long would have been required, making necessary 
development miles more. The foot the grade could not 
well have been shifted the east St. Paul, this the proposed 
crossing the Ohio River and Charleston Railroad (better known 
the C’s Railroad), where joint yard proposed. 

order that the heavy nature the work this portion the 
line may more fully understood, few its characteristics are 
given Table No. 

Not counting trestles, there are four high ones, approxi- 
mating 150 ft. height. 
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TABLE No. 
Name tunnel. Mile. Elevation. Length. 

Feet 


the initiated, inspection the profile west St. Paul 
presents some vagaries, especially the two well-defined dips long 
ascending grade line. The first caused the crossing Russell 
Creek, where the present crossing ft. high. 53-ft. compen- 
sated grade would have made necessary crossing ft. high, and 
would have intersected the present grade line the east end Big 
Bull Tunnel; or, intersect the present grade the west portal 
would have required development about mile. This lighter 
grade, undoubtedly, would have increased the cost construction 
between Creagan and Big Bull Tunnels, and the amount traffic 
alone would determine whether such additional outlay was 
justifiable. 

Between Big Bull and Little Tom Tunnels, the situation more 
serious. order introduce compensated grade per 
mile, there would have been required development mile line 
tunnel about mile long Little Tom Divide. The first would 
have increased the height the high 200 ft., more, and 
also would have added some other highly interesting engineering 
features. Had this railroad been constructed 53-ft. grade, 
would unquestionably have been one the most spectacular this 
continent. 

Before closing, the writer would like add few remarks 
regard the proper method conducting railroad locations. 
the practice cut proposed line railroad into sections and 
allot one these each survey party. This good far goes, 
but the trouble that each party generally allowed follow its 
own bent, fact, roam its own sweet will, instead 
part harmonious whole. Bad locations also result from improper 
organization, insufficient number members the parties, dele- 
gating the chiefs parties such work sitting all night 
tent plotting the day’s work, when such duties ought performed 
draftsmen, especially.provided suitable quarters, well 
daylight. 

With proper methods, surveys can kept plotted date, 
and the locating engineer can thus have broad view the ground 


| 
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covering, and also intelligent idea where run additional Mr. Low. 
lines, when needed cover doubtful points. addition, copies 
all notes, including transit, level and topographical notes, should 
sent (or mailed) headquarters, frequent intervals, worked 
once. 
This enables the chief engineer see what being done the 
field, and also keeps him close touch with all his assistants. Thus 
can give such orders changes and improvements the whole 
line will result producing perfect design. 


has been read with much pleasure. The author correct the 
statement: 


The economic questions which determined that the whole project 
construction was advisable may more importance than the 
most intricate and learned calculation upon the strength 
special structural parts.” 


the former, the economic success failure the enterprise 
whole determined, while the failure the latter affects, 
only one part, and often very small part, the whole enterprise, 
and can remedied easily more skilful and complete structure. 
For this reason, skilful and scientific location any given line 
road very rarely appreciated. formerly stated, the work the 
locating engineer may determine the success failure any given 
enterprise. 

course, the determination construct line between two 
termini the province the executive branch the road, but, even 
for this purpose, who can better adviser than the skilled engineer? 
After this has been determined, there come the minor economic ques- 
tions the selection the route, wherein must considered: First, 
the best route for traffic and the probabie thereof; and second- 
ly, the various questions the proper gradients, distance, rise and 
fall, and curvature, their degree importance being the order 
named. The first affects the revenue the road, and the last four 
affect the yearly operating expenses, the profits the enterprise. 
They are legitimate and proper subjects consideration the 
locating engineer the first cost the construction; for they are 
taken care the annual operating expenses and the latter the 
annual interest, fixed charges; and yet what great sums are spent 
railway construction without even considering any these questions, 
except, probably, gradients. The writer has known chief engi- 
neers, who, after the ruling gradient had been decided upon (proba- 
bly the executive department, management, from what wanted 
and not from scientific study the subject), appeared attach 
importance the other questions, indeed, had thought opinion 
upon them; and, when comparison between any two lines was made, 
almost invariably took the line that showed the cheaper construction, 
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matter obtained almost any excess distance, rise and fall, 
curvature. And yet such men are entrusted with works great mag- 


nitude, amounting thousands and millions dollars. only the 


abounding prosperity the nation, and not the skill the engineer, 
which, when such methods are allowed, makes enterprise success 
which such questions have been considered. 

The writer has given the paper only hasty examination, but notes 
the following points: 

Adverse would seem that the author has given undue 
and disproportionate weight the subject adverse grades, and has 
fallen into the common error adding all the rises and falls, 
matter how small, for any two compared lines, and giving the prefer- 
ence the one having the greater aggregate total. This may very 
fallacious, that showing the lesser may have all its rises and falls 
two three long stretches 000 ft. more, and very objec- 
tionable, while the other may have undulating grade with numer- 
ous short rises and falls, less than, say, ft., arranged 
that traffic can handled cheaply level grade, upon the 
theory ‘‘momentum velocity which illustrated 
follows: 

Theory Momentum Velocity Grades.—A constant power (the 
locomotive) applied overcome the train resistance, then the un- 
dulations, various rises and falls, are overcome the momentum, 
stored energy, which increased, stored up, the descents and 


Elevation + 20.0 Elevation + 21.0 
Level Elevation =0,0 Elevation =0.0 Level 


Elevation -62.0 


Elevation 64,8 
Elevation - 95.8 
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given off the illustrated Fig. what engine 
men mean the expression taking run hill.” 

Fig. represents the profile imaginary line whereon locomo- 
per hour and exert the same tension upon the draw-bars and 
down hill, the alignment being arranged allow very fast 
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fast 
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speeds. The calculation the different speeds illustrated Table Mr. 
No. Watson. 


train motion miles per hour has potential lift ft., 
vertically. 


TABLE No. 
Difference Equiva- 
elevation Equiva- ent 
Mile. Elevation (or lift), sags and summits, lent lift, speed, 
subtracted. hour. 
train has speed 
miles per hour) 
127.8 (lift due 60-mile speed)|— (95,8 24) 8.0 
12.0 (lift due 18-mile speed)|+ 62.0 94.0 


*Original potential lift, due speed miles per hour. 


Thus the table that Mile 115.1 the speed miles per 
hour, the original starting velocity. 

not evident that road constructed such profile can 
worked cheaply equivalent level road (except for the practi- 
cally unmeasurable wear and tear track and rolling stock due 
varying speeds), and with actually more application power, 
provided the velocities can maintained safely? 

The writer would not advise carrying this the extent suggested 
Wellington, that is, using grades greater than the maximum, 
these sags and rises, for, although this correct, theoretically, 
pre-supposes always unobstructed track. may generally 
so, may not always. Suppose the grades each side the 
sag Mile 102.2 were beyond the maximum. not apparent that 
any obstruction necessitating stop then would stall the train and 
impede, tie up, the traffic for the entire division, invalidating all 
its theories and elaborate calculations? slippery rail 
near the summit might have the same effect, for, though this might 
not interfere with the potential lift, would interfere with the con- 
stant force, the locomotive, because, with freights especially, the 
ability start given load any grade limits the amount that 
load, and, were not for the elasticity inthe springs the couplers, 
doubtful whether engine could start load which could 
readily pull. 

This would indicate that these sags could made ft., but 
the line must located for its weakest member, which would 
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per hour. 
With speeds from miles per hour the safe sag would 


With speeds from miles per hour, the safe sag would 


Therefore, line located with undulating grade, containing 
sags not exceeding ft., special occasions ft., would 
within safe limits, provided the ruling grade were not exceeded. 

The foregoing calculations are dependent the ability main- 
tain fast speeds. Therefore, anything which would interfere with this 
should avoided. Asharp curve the bottom sag, say Mile 
102.2 Fig. would not permissible. Such curve half way 
down would not objectionable, could introduced sum- 
mit without harm, properly compensated. 

Distance.—The author has hardly given due weight the question 
distance, and the writer not sure that the advantages attained are 
compensate for the lengthening the line about miles 
more than that the Southern. The operation increased dis- 
tance this extent will probably cost additional cents per 
train-mile. The cost for trains daily eaeh way, $1.08 per train- 
mile (the cost the Louisville and Nashville System), calculated 
follows: 

eral operating expenses for one train-mile, and, for miles, this makes 
$44 462, which, capitalized per year, gives 111 550. 

Thus would justifiable expend first construction more 
than 000 000 save this distance. 

Now, from examination Fig. looks this excess dis- 
tance was lost between Knoxville and Follette, and also appears 
that line could obtained. Suppose such line have been 
located, following, the main, the Southern from Knoxville the 
Clinch, then, which seems the natural route, the Clinch 
Big Creek and latter Follette. generally cheaper and 
better keep the railroad line near the natural drainage ways 
practicable. This would also have had the advantages opening 
new and unoccupied territory. The selection the line through 
Follette and from there Jellico seems have been eminently wise 
and correct. 

This supposed line between Knoxville and the Clinch would have 
about the same rises and falls the Southern, the extreme elevation 
any point being about the same that the Knoxville, Follette 
and Jellico Railroad between the same points. But the former has 
the additional rise and fall, out and into the vaileys Beaver and 
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Bull Run Creeks, which amount about 125 ft. for the former and 
225 ft. for the latter, total about 350 ft. Now, continuous 
stretches 100 ft. and more such rises and falls add the yearly 
operating expenses $1.85 per foot rise and fall per train-mile, or, 
for this line, with the assumption trains per day, each way, and 
$1.08 per train-mile, this would 
which, capitalized per $999. That is, would justifi- 
able spend about per foot eliminate the rises and fails. 
The comparison, with the increase yearly operating expenses, for 
the two items distance and rise and fall, capitalized, follows: 


The Present Knoxville, Follette and Jellico Railroad Location. 


10* miles distance (increased) $100 000 


First cost excess say $60 000..... 600 000 
Total excess present location.............. 600 000 
Supposed Location. 
350 ft. rise and fall 350 000 
Total favor supposed location.......... 250 


This upon (or ft. per mile) ruling gradient. 

But the present location adapted for ruling gradient ft. 
per mile all south-bound traffic, and the cost putting this sup- 
posed line upon this basis should deducted. Now, seems highly 
probable that constructing heavy tunnels, say two, 000 ft. long, 
through the summits Copper and Chestnut Ridges, this could 
accomplished. would look would better have helper 
for the Bull Run Valley, the grade for which could 1.55%, ft. 
per mile, two engines hauling upon this what one would haul 
grade. One engine would sufficient, the distance would 
only miles, and only south-bound trains would have helped. 
Again, probably miles extra line would have built for the 
Oliver Springs Branch, and would probably cost per mile. 
There would also two larger tunnels. The helper engine and the 
grade would probably bring the question rise and fall under 
the momentum grades, and eliminate the question from the 
comparison entirely. The mile distance allowed for development 


es’ increase charged, ‘mile may lost developing the supposed 


line toa grade. 
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Mr. would reduced probably much mile. The statement would 


then compare about follows: 


excess cost present location (as 250 000 


For reducing the proposed line toa 
65% line for south-bound business: 
tunnels 000 ft.) $800 000 
helper service (the author’s cost as- 
sumed for this, though thought 
Branch Oliver Springs, miles $30 000. 150 000 


300 000 
But from this deducted the 
following: 
350 ft. rise and fall saved, 
mile distance, including cost 
430 000 
870 000 
Balance favor the proposed line............. $380 000 


such change could have been made, the foregoing basis, 
should have been done, this bound link the main line, 
and subject severe competition. There also the probability 
the traffic increasing, thus making the comparison continually more 
favorable than that given. 

course, the foregoing merely supposititious case, and might 
wholly impractical realization the field, but, least, 
shows the danger ignoring such important economic question 
miles increased distance. 

Ruling Gradient.—In the author’s treatment this point 
slightly error. the first place, improper assume that 
trains are not fully loaded, for the duty the management 
see that the power used, its fullsafe capacity, thus obtaining 
the greatest economy. the grades traffic one direction are 
different from those the other, they are, almost always, this 
must made the size number trains. 

Secondly, while operating expenses may vary directly the train- 
mileage, they not vary the number trains. This shown 
Table No. 
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TABLE No. Cost THE ENGINE 


GRADIENT. 
PERCENTAGE. ADDED 
SUBDIVISIONS. 
MAINTENANCE WAY AND STRUCTURES. 
Repairs bridges and culverts................ 0.02000 0.01600 
Repairs and renewals fences, road crossings, 
signs and cattle 0.00757 
Repairs and renewals docks and wharves..| 0.00005 
Repairs and renewals telegraph............ 
MAINTENANCE EQUIPMENT. 
Repairs and renewals locomotives..........| 
Repairs and renewals passenger cars....... 0.00116 
Repairs and renewals freight cars.......... 0.05718 0.00572 
Repairs and renewals shop machinery and 
TRANSPORTATION. 
Engine and round-house men..... 
Water supply for 
Oil, tallow and waste for locomotives......... 0.00429 
Train supplies and 
Switchmen, flagmen and watchmen........... 0.03070 
Telegraph 
Car-mileage balance..... 0.04516 
0.01250 
Outside 
Rents buildings 0.00126 
Stationery and 
GENERAL EXPENSES. 
Estimating the extra engine cost 
and capitalizing per annum, the 
interest charges would $500; and esti- 
mating the daily engine run 110 
miles, miles per annum, the cost 
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Thirdly, seems the writer that 900 000, the result the 
author’s calculation for the saving the change the ruling 
gradient, fully one-half too large, and that the method shown 
Table No. which practically Wellington’s method, the better. 
The writer has taken the annual operating sheet the Missouri Pacific 
Railway for 1902, which will serve standard, and has reduced the 
various items percentages, the gross total being unity. 

The value percentage Table No. ($0.48806) for one train one 
affects the load the entire division, which, for convenience, may 
called 100 miles long. 

Therefore, double the engine-tonnage haul the same 
due solely change the ruling gradient, division 100 miles 
long, will cost $48.806 per 100 train-miles per day, $48.806 365 
$17 894.20 per annum; or, the train-mile the Louisville and 
Nashville costs $1.08, this will $17 894.20 1.08 $19 325.70 for 
increase engine-mile, 100% per per daily train one way 
only. 

Now, engine will pull much grade upon 


grade, or, haul much, will increase its mileage. 
1.00 0.73 


0.73 
100% per year per daily train for 100-mile division, $19 325.70, 
and for 79-mile division and trains daily, one way only, this 
change will worth $19 325.70 0.369 0.79 $55 511 saving 
the operating expenses, which, capitalized per annum, gives 
capitalized saving changing the ruling gradient 
from 0.65 per cent. But even this saving would fully warrant 
the change, which, therefore, was wise and proper. one. 

manifest from examination Table No. showing the 
operating expenses the Missouri Pacific Railway, that there are 
many items therein which are uot affected increased train 


service, as, for instance, general expenses, superintendence, etc., 


0.369 per cent. But increase engine-mile, 


Vertical main line, when fast speeds are 
desired and ‘expected, gradation 0.05 ft. per station (100 ft.) 
sags and 0.10 ft. summits makes better and more easy transition 
than those mentioned the author. Some recommend even flatter 
curvature, but, with the present general use springs couplers, 
0.05 and 0.10 ft. are sufficient. 

Transition Spirals.—A spiral increasing ft. too short for 
line this character, suitable only for speed about 
miles per hour. 

The writer believes that very seldom has line received such 
thought and study regarding the main questions location—the eco- 
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nomic questions—and the author deserves great credit for laying Mr. 


before the Society fully. The writer regrets that time prevents him 
from going into the subject more thoroughly. 


Am. Soc. (by letter).—This paper dedi- Mr. Beard. 


cated primarily the young and inexperienced, and, therefore, 
important call attention some statements and computations 
wherein the author, setting forth some the considerations which 
determined important steps, has evidently committed errors, the 
pointing out which, hoped, will prevent some the dedicatees 
from falling into the same mistake. 

not true, the author states and applies, that the operating 
expenses vary directly the for only part the 
total operating expenses affected the addition deduction one 
more trains. not necessary enter into history verify this 
statement, all railroad engineers (and, for that matter, all operating 
officials) should thoroughly familiar with the principles underlying, 
and admirably set forth in, the work the late Wellington, 
Am. Soe. While the percentage cost each item expense 
the cost train-mile, contained Wellington’s Economic 
not strictly correct this date (due change condi- 
tions), his tabulations can quickly brought date the ap- 
plication them the data found detail the reports the 
various State Railway Commissioners, annual reports various 
railroads, or, sufficient for all practical purposes, from the work 
quoted the author.* 

Wellington states that some 50% the cost per train-mile af- 
fected increase decrease the number trains. While 
there some variation, under ordinary conditions, the cost each 
item since Wellington wrote, his figure, 50%, not, this date, 
very far wrong when the change (i. the increase reduction 
train-miles) is: considerable, but when such reduction the 
number trains accomplished, the author the road 
question, doubtful the change would amount more than 
40% the average cost ($1.08) per train-mile the Louisville and 
Nashville Railroad. 

The statement that conservative adopting this cost per 
train-mile, and justifying the statement referring the cost per 
train-mile the Duluth and Iron Range and the Duluth, Mesaba 
and Northern Railroads, hardly considered true after looking 
into the operating conditions shown the statistics these roads, 
coupled with belief the very different operating conditions 
each. From the United States Statistics Railways, referred 
to, the percentage cost per train-mile the four grand divisions, re- 
ferred the total cost train-mile, shown Table No. 


Railways the United compiled the Interstate Com- 
merce Commission. 
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TABLE No. 


Percentage. Percentage. Percentage. 
21 27 35 


Maintenance way 
Equipment 
Transportation 
General 


100 100 


This table shows that the excessive cost maintenance way and 
equipment (notably the former), compared with that transporta- 
tion, excessive compared with that shown for the Louisville and 
Nashville. Although the writer unfamiliar with any the roads 
named, would seem evident that climatic and other conditions 
the Michigan roads, compared with those the Louisville and Nash- 
ville, are the cause. There nothing the paper indicate exces- 
sive maintenance expense, and, doubt, will least average with 
that the system which part, which, ventured say, 
varies little, mile for mile, the items expense affected trains 
engine, when the number trains equal. 

There are seemingly several reasons why the average train-mile 
cost the road question, had been built ona 19% maximum, 
should not any higher than the general average the Louisville 
and Nashville. One that there are many items included the cost 
per train-mile (which merely the unit the grand total the 
operating expenses great system, and includes many items, such 
general officers, general office forces and other expenses), which will 
not any wise affected the addition this small mileage the 
total the road. other words, not reasonable assume that, 
when the cost operation per train-mile 3000 miles road 
$1.08, the addition miles, over which pass the same average 
train-tonnage per annum, will increase the annual operating expenses 
the annual train-miles miles $1.08 per train-mile. What 
has been said indicates the wide reasoning necessary conserva- 
tive, and that something less than $1.08 would likely 
order. However, show more fully the wrong results arrived 
the author, that figure will used later. 

The author states that was ‘‘in wise certain that the 
grade would used helper grade.” How, then, justified 
recommending the expense reducing the other two grades 
0.65 per The truth, doubt, that, whatever the number 
trains, they will (as far safe for the engineer go) practically 
all arrive the foot the hill loaded require helper, the 
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operating department will hold for full train loads, unless the unbal- Mr. Beard. 
ancing traffic should require return power the 
other end—an exigency unsafe figure on—and the only proper 
thing figure pushing all the trains estimated 
required for the handled. Again, why run the helper 
engine miles more than the length the helper hill? should 
not, and not likely to, done, would give miles, say 
(with properly located sidings), the length the helper’s round trip, 
instead miles and for8 trains per day, or, with half that number 
Sundays, 104 engine-miles perannum. The author also wrongly 
states that trains the 0.65% grade will handle the same tonnage 
engine- train- mileage, when the relation between the grades this 
respect reduction per cent. While this true, probably 
reduction trains should estimated instead the exact 
ratio, 7.3. 

From the foregoing data obtained the annual saving operating 
due the reduction the number trains, follows: 

20% trains (10 each way per day) 35% $1.08 miles 
days per year $10 492.87. 

This sum, capitalized 4%, gives but 012 322, sum vastly 
less than that arrived the author. 

.In determining the effect the operation the helper engine will 
have transportation, maintenance equipment expenses, 
would have been better have obtained the data from the statistics 
the Louisville and Nashville instead taking those the Pennsyl- 
vania Company, where conditions operation are distinctly different, 
and adaptable but few roads this country. lieu nothing 
better than the ‘‘Statistics Railways,” those can used, which, 
doubt, conform closely enough for the purpose the conditions that 
would encountered. Obtaining therefrom the following, the 
percentage per train-mile operating items affected for maintenance, 
equipment and transportation (except wages) gives: 


Repairs and renewals locomotives.... per cent: 
Superintendence and general expenses.. 0.6 


Other supplies 
Telegraphing and despatching 


21.0 per cent. 


doubt true that the expense these items, the case 
engine, would vary somewhat from the general average 
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road engine the same pattern, but, view the severe and 
erratic service required the helper, would probably more than 
for road engine. 

The assumption that half the maintenance-of-way expenses 
due engines alone is, say the least, crude method, one stops 
think how the introduction helper would affect any man- 
ner whatever most the items making the total such expenses, 
except roadway, rails and ties. Probably something like one- 
half that proportion the rail wear due trains due tothe 
engines alone, but that ratio does not, assumed the author, apply 
any the other items, and the most that can charged mainte- 
tenance way something like the following: 


about one-half the author’s estimate. The coincidence the total 
transportation, and maintenance way and equipment about equal- 
ling the author’s, course, has nomeaning. His erroneous reasoning 
would give error cents per train-mile, about 50% such 
case the Duluth, Mesaba and Northern. Summing uptheseitems 
gives, the annual cost one double-crewed helper engine, the 
following: 


Interest $14 000, cost helper engine, 


This somewhat nearer the annual cost helper engine, which, 
the writer, almost invariably estimated $18 000 per annum, 
and, view the many non-estimable objections the use 
helper, none too large. draw attention what some these 
non-estimable objections might consist of, take this 8-mile helper hill. 
will found practice that freight trains per day each way 
about the limit one helper’s capacity such hill, and its use will 
tend delay trains the foot the grade, delay meetings other 
places, and generally interfere with the even operation the road, 
comparison with what would helper were required. All 
these delays mean expense—fuel, wages and other concomitant items 


Mr. Beard. 
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—and probably $20 000 would not too high estimate the an- Mr. Beard. 


nual cost this pusher; but this not intended decry the use 
pushers. From these figures, the estimated cost change, lower 
the ruling grade, would follows: 


Annual cost helper engine the Cumber- 

land-Clinch Divide, $18 000 capitalized 

Construction cost two 195 180 
Interest construction for one year, having 

earning power during the construction 


Total cost change lower grade..... $785 180 


There are other increased expenses, due reduction ruling 
grade, add this. One, often overlooked estimating the saving 
operating cost accomplished the reduction train-miles for the 
same tonnage traffic obtained the reduction ruling grades, that 
this reduction increases the cost operation per train over every 
grade plane the rate which less ruling grade. Stated 
another way, the value foot rise and fall varies with the ruling 
grade. engine loaded for the higher ruling grade can pro- 
ceed any less grade speed equal that attainable loaded 
for the lower ruling grade, with the consumption less fuel; or, 
another way, like engines will require and consume more time 
over given division after its ruling grades are reduced lower 
maximum than before the change, when loaded for the respective 
ruling grade, resulting increased expense for all items affected 
time. The result disregarding this fact that often the advantages 
and saving operating expenses estimated the engineers are not 
realized, and, consequently, the expected decrease cost per ton-mile 
not realized, the operating department finding necessary de- 
crease the engine rating below that indicated the differences 
ruling grades, order get trains over the division within reasonable 
with economy. Take the line under discussion: will require 
from 20% more time fora train, having engine loaded for 
0.65% maximum grade, from Saxton Knoxville than would 
for the same engine loaded grade. This, probably, would 
not affect train wages, view the shortness the division, oper- 
ated one division; and whether not operated that way 
understood yet unsettled. But, matter how oper- 
ated, time affects fuel, water, oil, all which will increased 
from and some other items not necessary enter into here 
affect the reasoning. Ifthe cost fuel, oil and water is, has 
been assumed, 11.8%, this gives expense here (due this condition) 
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$10 922. 


$10 922, capitalized 4%, gives............ $273 038 
Increased cost (before obtained)............. 785 180 


This amount wipes out entirely the saving expected the reduction 
ruling grade. While but approximation, this not far from the 
truth, and, without doubt, the President the Louisville and Nash- 
Railroad certainly does not yet understand. 

will not amiss warn the inexperienced not take literally 
all the author’s remarks about smoothness grade lines, which 
awkwardly expresses absence rise and fall, which, though im- 
portant matter, minor that ruling grades. Its value readily 
estimated, and, avoid few feet more less minor grades, will 
not warrant very great expense. take literally the 
implication that easier obtain the best across Missouri’s north- 
west prairies than through Tennessee’s mountains. Many who have 
had experience both kinds country will bear out the remark 
that the contrary true. Titanic work not the embodiment 
good engineering, and the more rise and fall the Missouri 
road, considered with the conditions years ago under which was 
built, together with its cost (perhaps $15 000 per mile, 
present prices), against per mile for the Tennessee road, 
does not, any means, indicate better engineering The 
elimination the ft. more rise and fall per mile would not 
warrant, with like traffic, additional expenditure exceeding proba- 
bly 000 per mile, giving cost from $17 000 $22 000 per mile, 
against $69 000. examination map the country crossed 
the Chicago-Kansas City lines shows their general direction 
across the drainage, and each valley from 250 350 ft. below the 

saddles the ridges, thus approaching those the author’s road. 


general rules making location given Mr. 
Taylor* are vital and quite full, the writer would extend them some- 
what making the first one read: 

(1) not using any point more difficult gradients, nor any 
greater distance, nor any more nor stiffer curves than the 
country actually requires. 

The writer would also suggest the desirability adding another 
rule, viz.: 

(5) occupying, all strategic points, fully possible 
(without otherwise injuring the location), all the available ground. 


Proceedings, Am. Soc. E., February, 1904, 136. 
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Many engineers not fully appreciate the value distance and Mr, W.Watson 


curvature saved, nor some seem appreciate the fact that 
not always the line that shows the least construction cost per mile 
that the cheapest, even construct. illustration the 
effect distance and curvature the following experience cited: 

The writer recently had occasion revise projected location, 
made previous his engagement, through very crooked valley 
with high biuffs each side. These placed seemingly insur- 
mountable obstacles the way any location, except one which 
followed the general windings the valley, and, even then, quite 
heavy work was required. one place, covering about miles 
the original location, was found, however, that introducing two 
tunnels (of about 550 and 260 ft. length) line could located, 
with the same gradient, with lighter curves, with about 320° less 
curvature and about ft. shorter. Although the construction 
the new line was more expensive per mile, was actually about 
000 cheaper than line the original location would have been, 
besides being much less expensive operate. 

Without any way seeming criticise the location shown 
Plate for which presumed there were most excellent 
reasons, the writer would like ask was account lack 
sustaining ground from the Bull Run side Copper Ridge toward 
Lee’s Ford (territory outside the the plan Plate 
that the long detour around Copper Ridge was used, rather than 
line Beaver Creek from Open Valley, near the point and then 
passing directly under Copper Ridge tunnelto the Bull Run 
slope the ridge, whether there were other considerations entering 
into the problem? Plate would indicate that possibly such 
line, with the same rise and fall and gradient the line located, and 
from miles shorter, but requiring indicated tunnel about 
500 ft. long, compared with one 170 ft. long the line located, 
might have been used, provided suitable sustaining ground could 
have been obtained toward Lee’s Ford. 

regard the suggested rule (5), may stated that there are 
often cases difficult country where the line can properly located, 
that extremely difficult for rival company construct 
line through the same pass valley, while location, equally good 
other respects, could made, which would leave room for rival 
pass, and thus the situation would not fully controlled. The 


complete control such pass, valley, might add very materially 
the value the property. 


the greatest interest all those with railroad location. 
There are one two points that will perhaps bear emphasis. The first 


Proceedings, Am. E., for February, 1904. 
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Mr. Raymond. the great value the topographic charts the United States 


Geological Survey. Time and again have these charts been used 
projecting water-supply work. Time and again have they revealed 
reservoir sites and conduit routes which would have been entirely 
missed the reconnoitering engineer. And, for the use the rail- 
road locating engineer, they are even more valuable, not only saving 
his time, but insuring, with the exercise reasonable care and intelli- 
gence, the selection the most feasible route between two termini 
compelling the following Wellington’s precept, stated anew 
Professor Taylor his fourth emphatic suggestion, that the recon- 
naissance shall area, not line, and furnishing small- 
scale, bird’s-eye view the widest possible area such way that 
may all taken glance, all seen once, and all once 
before the engineer for study. The writer has used these charts for 
both railroad location and water-supply work, and has found them 
invaluable aids. The completion the charting the entire country 
cannot accomplished too soon. 

second point that the low grade line does not always mean the 
most expensive line even first cost; that, general, economical 
location one which adopts the lowest possible grades for the longest 
possible distances, and bunches the difficulties few points where 
they may overcome most economically heavy work pusher 
service. 

third point the evidence furnished this paper the advance 
railroad location from trade profession; from the ‘‘rule-of- 
thumb” methods many years ago the scientific methods to- 
day. And this without reflecting those great men who, early the 
history railroad building, saw the true relation between location 
and operation. Moreover, the paper emphasizes the necessity for 
taking time and spending money the design the road, and de- 
sign meant location, and for doing the work over, revising and re- 
revising, until the best that can done the united efforts all 
the engineering talent engaged has been accomplished. 

One suggestion: The paper professes written for the young 
men. Therefore, from the teacher’s standpoint, should not the quali- 
fying adjective ‘‘capitalized” used before ‘‘cost” the second 
paragraph page 138?* 

One other suggestion: determining the cost pusher-engine 
service, only those items expense which may attributed this 
particular service are used, proceeding that seems rational; but, 
when comes consideration the saving due the reduction 
train-miles the lower ruling grade, stated that operating ex- 
penses vary directly the train-mileage,” the cost per train-mile 
the Louisville and Nashville Railroad for the year 1902 used the 
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following calculation, and the total saving found multiplying Mr. Raymond. 


the train-miles saved this train-mile cost, $1.08. This, being the 
average cost all trains, is, course, the author points out, not 
the proper cost apply the heavy freight trains, the ones affected 
the grade changes considered, but used for safety, the actual 
cost trains not yet running being indeterminate. The author esti- 
mates that the average train-mile cost these heavy trains may 
great $1.50; but, whatever is, will the saving money, due toa 
saving train-miles, equal the cost per train-mile multiplied the 
train-miles saved? Manifestly, will not, and part 
the late Mr. Wellington’s great work was devoted showing that 
will not this quantity. Railroad bookkeeping may make ap- 
pear, and increased number trains due increased business does 
not always seem lessen the train-mile cost, should, theoreti- 
cally, but this due largely increased expenses warranted the 
increased business, and not all due the greater number trains- 
recent years train-mile cost has increased greatly, but this not 
due the running more trains. When the business does not 
change, and reduction train-miles, due reduction grades, 
increased locomotive power, secured, more than 
half the average train-mile cost saved for each train-mile saved. 
Just how much the saving is, one knows. the present case, 
$1.50 per train-mile fair cost for the trains affected, and half 
this can saved with each train-mile saved, the annual saving will 
$80 343, instead $116 000, and the amount gained the changed 
line will 327 420, instead 218 845. The reduction nearly 
$900 000 the capitalized saving wise changes the correctness 
the final choice this case, but might well change some 
other case where the difference values might not great. With 
assumed train-mile cost $1.50, entirely possible that each 
train-mile saved may mean $1.08 saved, but the evident purpose the 
author was use the whole train-mile cost, making only much 
allowance would insure his being within that cost. 

Whether not the suggestion here made wise, may matter 
opinion; outlines the procedure the writer would follow. 

With this change, and possibly without it, the paper seems 


one the most valuable that has recently appeared for the study 
the young engineer. 


Lavis, Assoc. Am. Soc. E.—The speaker thinks that yr. Lavis. 


was unnecessary offer any apology for the presentation this 
paper account the fact that the perusal might loss 
time some experienced engineers. engineer who interested 
railroad location science cannot fail interested the devel- 
opment such low grade line through very rough piece country. 


The speaker does not feel sure that the low grade was warranted, but 
will that later. 
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The literature the practical aspects railroad location chiefly 
conspicuous its absence, and description this kind, actual 
work performed, therefore valuable. would have enhanced the 
value the paper considerably had the author been able 
into more details the work, even the risk saying something 
which might have been known someone else, and have shown, 
possible, map the various preliminary lines run and their relation 
the final located line, and have given some details the cost 
the surveys and the time consumed making them. 

Mr. Taylor states his fourth principle, making such surveys 
this, the necessity making ‘‘a diligent study the whole 
Evidently, did this, before the completion the work, 
but fuller details how much country the reconnaissances covered, 
how much time was spent them, and how the final results were 
deduced from these observations, would have been invaluable, 
experienced engineers well students. 

hardly seems possible that railroads to-day are located any 
other than big, broad-minded way, with time and money enough 
the work thoroughly, and thrash out the country until absolute 
proof obtained that the best line has been selected. 

The speaker, however, knows from rather extended experience 
that, spite all that should known the increased cost ope- 
ration badly located roads, many miles railroad are being located 
and built now the same old narrow-minded way, and this the 
cause the large expenditures which are being made for relocations 
and revisions. Many men, investing railroad projects, still believe 
that any money spent engineering, and especially location sur- 
veys, just much money wasted. 

instance has come under the speaker’s observation recently. 
what now part trunk line, and between two points, about 
200 miles apart, the present operated line, new line has been 
located, saving more than miles distance, with ruling grades 
one-half those the older line, saving nearly 000 ft. rise and 
fall, and having less than half the total degrees curvature the 
older line. This does not necessarily imply criticism the 
line, the speaker does not know any the conditions under which 
was located and built the relative cost the two lines, but 
illustrates what can accomplished thorough study the 
country and properly conducted surveys. 

seems strange that the author has offered explanation the 
fact that many changes were necessary after construction was 
started. appears that the route had been under consideration, 
more less, for the past twenty years, and surely, least decision 
ruling grades and the general location the line, not the 
minor details, should have been reached before construction was com- 
menced. 
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stated that, when was found that grades could Mr. Lavis. 
obtained this new line, this required changes minor grades the 
part which construction had already started, and caused the 
officials the Louisville and Nashville determine make some 
grade revisions the old lines which this link connected. 

Surely this new line and the whole freight division which 
part should have been studied whole, determine the ruling 
grades possible the whole division, and thoroughly comprehensive 
survey should have been made before construction was started. 
One the grave errors, even to-day, great deal the grade 
revision, that not comprehensive enough, and the work done 
little pieces. 
does not necessarily follow that, because comprehensive scheme 
has been laid out, the work has undertaken all once, but the 
work done should governed its relation the whole. 
hardly possible, from the information contained the paper, 
estimate the value the change from the the grade 
this short piece line, without knowing its relation the operat- 
ing division which will form part. 


speaking the rates grade, the author uses indiscriminately 


rates per mile and rates per cent. Rates grade this country, 
least among engineers, are now spoken almost exclusively rates 
per cent., and would seem advisable use this method nomen- 
clature exclusively, least engineering paper. 

reference the prairies: The word, prairie, generally 
conveys the average reader idea comparatively level plain, 


but some the most difficult location can found through the Mis- 
souri and Iowa prairies, especially for low grade lines. Mountain 
ridges may bucked through, but the long rolling country, with 
differences between ridges and valleys often amounting more than 
200 ft., such found through Missouri, broken cross-drainage, 
presents some the most difficult problems railroad location. 
The line has down into valleys and over ridges, and the slopes 
are almost always just too steep for the grades one trying get. 


congratulated, both upon his location the line between Knoxville 
and Jellico, and upon his description the work. The locating engi- 
neer always delights narrate his troubles; but, unlike the author, 
does not always succeed making the narration attractive. 
the 


The topography this section country, may seen from 
glance the map, enough strike terror into the heart the 
engineer who looking railroad easy grades and tangential 
alignment between the points named. 

Not only does the backbone the Cumberland Range interpose 
rugged barrier some 500 600 ft. higher than either terminus, but 
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series subsidiary ridges, parallel the axis the mountain and 


divided deeply-eroded valleys, point their forbidding fingers across 
the path; and precipitous torrents, widely-varying elevations, roar 
their challenge defiance. 

The author, all probability, has secured the best location which 
the country—and his company—affords. states frankly that the 
grade reduction, which left one pusher grade the road, was 
afterthought, considered only when much construction work had been 
done; hence the relation between the maximum ordinary and pusher 
grades needs criticism. All all, the result his work can 
but matter congratulation. The method which the result was 
secured the subject matter this discussion. 

any topic comprehensive that railroad location, much 
interest must necessarily omitted from paper, which the author 
does not intend exhaustive treatise; and, indeed, the author 
states that has not mentioned that part the work upon which 
spent most his energy. This probably means the reconnaissance 
feature, emphasizes the importance diligent study the 
whole country; and this assumption correct, ignorant, but in- 
terested, reader the paper would respectfully ask that, before the 
discussion closed, the author give some idea the amount such 
work which was necessary the development this line. Athorough 
reconnaissance and the method selection the primary points 
the route not narrow and detailed question, but broad determi- 
nation policy upon which must rest the vindication the located 
line. The fact that the author speaks definitely the features 
Copper Ridge for distance miles from the point where 
crossed throws little light the scope such work. 

About seven years ago the speaker drove more than 20000 miles, 
looking for 20-ft.-per-mile grade for the Pittsburg, Ft. Wayne and 
Chicago Railway, between the Ohio River and the prairie country, 
some 200 miles the westward, and recalls the narrow and pre- 
judiced state mind which was when began the work. 
summit, lower than the one over which this line was laid, and plain 
sight it, meant nothing him but that the locating engineer had 
been error, while detour miles, afforded the re- 
quired grade, was the one route which should have been considered 
seriously. Such matters excessive cost construction, failure 
serve important centers population, greatly increased mileage, etc., 
were mere bagatelles when weighed against the reduction ton-mile 
cost. 

However, little good advice from his chief engineer soon put him 
more tolerant attitude, and began realize that topography 
but one several factors, and too often unknown one that, 
the transportation equation. 
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attention, namely: Men previous must not judged 
present standards, and this equally true technical skill and 
morality. Who shall say that the old Portage Road across the 
Allegheny Mountains was not the proper answer the stage-coach 
problem? Who shall say that Hernando Cortez and Nero were cruel 
men? 

The author compares his grade ft. per mile with that ft. 
per mile existing rival roads. also states that his total average 
rise and fall per mile only 21.5 ft., against 59.2 ft. for the old 
road. states, further, that his road smoother than unnamed 
prairie road per cent. These facts are pertinent and interest- 
ing, but they are disjointed, or, rather, isolated; and, all fairness, 
the inference that the first railroad through this country should have 
been constructed the location described the author must 
avoided. 

Many other facts must added those stated the author 
before the chain and effect can completed, as, for instance, 
the cost per mile which secured the 34-ft. grade, against the cost 
the 66-ft. grade, the length the routes which exceeded 
the straight-line distance and 55% favor the old route, 
and the general traffic and commercial obtaining the 
respective dates construction. 

Because men built railroads maximum grade fifty 
twenty years ago, means follows that they built badly, and 
their work must not judged the conditions under which work 
done to-day. Increased traffic, competition, reduction ton-mile 
revenue and other considerations to-day make easy gradients impera- 
tive and economic, which, generation ago, would have been the 
height folly; and may even possible that this widow’s 
mite” railroad, running and down and across country, over the 
hills and hollows—on which, may be, the old rails have hard time 
keep the fire-box off the ties—may have represented nice 
adjustment means, methods and results the author’s modern 
road. 

regard grade revision and the method determining the 
amount which could spent economically for tunneling, noted 
that the author’s estimates are based upon tunnel Copper 
Ridge and 700-ft. tunnel Black Oak Ridge No. actual con- 
struction work, however, was not carried out these lines. The town 
Clinton, with its contiguous 700-ft. tunnel, was weighed the bal- 
ance against the town Dosset and the claim the Oliver Springs 
Branch, and found wanting, and sweeping change location was 
made and tunnel 520 ft. long was substituted for the 700-ft. tunnel. 

The total length main-line tunnel, therefore, 690 ft. instead 


This suggests second point which the speaker wishes call Mr. 
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Mr. 870 ft., practically double the length used estimating. 
ale. 


beside the question offset the additional cost main-line construc- 
tion against the saving the branch line because main-line construc- 
tion costs must justified main-line traffic results. 

Furthermore, although this plan the grades the branch line 
were reduced the main-line ruling grade against south-bound traffic, 
and although, theoretically, this very nice, yet grades coal branch 
lines are means important main-line grades, and for several 
reasons: 

1.—Through main-line freight trains not travel over such 
branches, nor stop such junction points take loads set off 
empties, except rare instances. 

2.—Trains running light and filling capacity local points are 
rarely factor grade determination. 

3.—Local trains deliver empties mines and collect loads there- 
from, and seldom work full engine capacity. 

4.—Coal branch grades are with, rather than against, their traffic, 
and grade ft. per mile, over which shove merely empty 
gondolas, expensive luxury. 

appears, therefore, that the author’s estimate what the 34-ft. 
grade would cost should have included all main-track work actually 
built. Since not apparent from the paper what the increased cost 
the 690 ft. tunnel over that portion the original line which 
displaces, would not pertinent subject the author’s estimate 
detailed examination. 

pertinent, however, call attention the idea which per- 
vades the argument expressed page expenses 
vary directly the train-mileage,” and satisfied that this 
premise sound one before accepting the conclusion. 

The Transactions this Society contains memorial that great 
railroad economist, Albert and even from those brief notes may 
learned the fact that his first analyses railroad operations were 
embodied the annual reports the Louisville and Nashville Rail- 
road about thirty years ago. 

Mr. Fink’s writings upon this subject are still classics, and 
interest note that the officers the very railroad, the records 
which contain much that practical and scientific, acquiesce 
readily the empirical theory which the author states fact. 

Revenue train-mileage unit service which may meas- 
ured the cost price transportation. say, however, that this cost 
price varies directly the total amount transportation sold, 
disregard all the primary-construction cost the property, much 
the maintenance, and considerable amount the costs incidental 
train service and general expenses. 


Proceedings, Am. Soc. E., February, 1904. 
Transactions, Am. Soc. E., Vol. XLI, 626. 
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The Inter-State Commerce Commission classifies railroad operating Mr. 
expenses under four main headings: 


1st.—Maintenance way and structures, 
2d. —Maintenance equipment, 

3d.—Conducting transportation, 
4th.—General expenses. 


brief examination these expense items will show what extent 
they vary train-mileage: 
way and structure expense fluctuates, not 
with the rate wear, but with the rate renewal,” says Mr. Eaton, 
the statistician the Lehigh Valley Railroad, his book 
road The character and amount traffic determines 
general way the types track and bridge structures, but large 
sums are spent annually for maintenance such structures, and 
appear the figures which the author has used, which have 
whatever with train-mileage. 
Widening banks, sodding slopes, cutting weeds, repairing fences 
and track signs, many tie painting bridges and buildings, 
renewing bridges and buildings destroyed fire, flood, lawless- 
ness, the substitution steel and masonry for wooden structures, 
grade reductions, revisions alignment and other betterments 
magnitude not chargeable capital account: All these items ope- 
rating expense depend way upon the train-mileage. 
The maintenance way and item, for the Louisville 
and Nashville Railroad, amounted, 1902, about 22% the entire 
charge against operation; and, this amount, only 33}%, 
the whole, chargeable train-mileage. This apportionment 
made the basis the Pennsylvania Railroad methods, and in- 
cludes all renewals rails, frogs and switches, cross-tie 
renewals and 10% repairs roadway, track and bridges. All 
repairs buildings, docks and structures, other than above, are taken 
Maintenance equipment expense” varies with engine- 
mileage, passenger car-mileage, but not with train-mileage. 
depends upon alignment and grade line, weather, speed and 
accidents; includes cost marine-equipment maintenance, interest 
shop investments, etc. This item, forthe Louisville and Nashville 
Railroad, amounted, 1902, also about 22% the entire charge 
against operation, and cannot said vary directly with train- 
mileage. noted that, while repairs locomotives, passenger and 
freight cars, etc., are the direct result operation, yet unit 


maintenance, much more exact than train-mileage, now general 
use, 


Conducting transportation” usually subdivided into 
twenty-five more accounts, including fuel, water, locomotive and 
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miscellaneous supplies, wages engineers, firemen and roundhouse- 
men, switchmen, flagmen, station supplies, advertising, telegraphing, 
car-mileage, injuries persons and property, etc., and only one 
these accounts, namely, train service, which covers the wages 
conductors, baggagemen, brakemen and flagmen. can said vary 
directly with train-mileage. This item, for the Louisville and Nash- 
ville Railroad, amounted, 1902, about the total operating 
expenses, and this amount varies with train-mileage. 

item expenses,” course, does not vary with 
train-mileage, that, all, about operating expenses depends 
upon train-miles run, and upon this slender thread hangs all the 
weight the author’s argument. 

Several other points are suggested, but they are more less 
nature, and are, consequence, omitted. The speaker has 
derived both pleasure and profit from perusal the paper. 

Harvey Am. Soc. (by letter).—The writer finds 
little add Mr. Low’s excellent description the location the 
Clinch Valley Division the Norfolk and Western Railroad. 

Whatever reconnaissance was made 1886 afterward had 
modified considerably. The line between St. Paul and Little Tom 
Tunnel was fixed upon before any survey, other than the writer’s re- 
connaissance, had been made. 

Early the spring 1887, the writer rode from Graham, Va., 
Big Stone Gap, Ky., after having spent about two weeks charge 
the first surveying party the field, Bluestone, above Graham. 
Arriving Big Stone Gap, met there the late Cobb, Am. 
Soc. E., then Chief Engineer the Louisville and Nashville Rail- 
road. After few days Big Stone Gap, the writer rode back, over 
the line, looking into the valley Guest River, and exploring the 
ridge between Russell and Bull Creeks. good aneroid, and pedom- 
eter which had been calibrated with the step read miles, 
were great service this work. 

was soon evident that unusual would have done, 
get railroad location from Clinch River the valley Powell 
River. Guest River, from its mouth up, although described previously* 
natural gateway this region,” was simply impossible. 
The valley Bull Creek like deep location down the 
Clinch River and Bull Creek did not look promising. After start- 
ing with ascending grade from Lick Creek (St. Paul), Creagan 
Tunnel necessary, get from the valley Whetstone Creek the 
valley Russell Creek. After that, the ‘‘awful” profile that the 
location developed had accepted; there was alternative. This 
the writer stated Mr. Coe, his return Roanoke, when made 


Geological Report the Norfolk and Western Railroad Com- 
pany. 


Papers.] DISCUSSION RAILROAD LOCATION. 423 


large sketch, red and blue pencil, the location which was after- Mr. Linton. 


ward adopted. Mr. Coe accompanied the writer his next trip, and 
was convinced that this was the best location. Later surveys proved 
it. Altogether, was interesting experience. 

Mr. Barrett 1887 made survey down Guest River, 
hold that route against the Norfolk and Western Railroad Company. 
The writer made survey down Guest River, below the present line 
the Norfolk and Western. The Lewis Creek and Thompson Creek 
lines were developed later the season, after surveys had been 
progress some time. 

The summit Bluestone (near the highway) was found, aneroid, 
be, approximately, 100 ft. higher than the summit Wright Valley 
Creek. This led the adoption the location over Wright Valley 
Creek Summit. 

Mr. Low’s remarks relative the organization and methods field 
parties are very good. Before the surveys for the Clinch Valley loca- 


tion were finished, notes were sent the office, Tazewell Court 
House, and there plotted. 


(by letter).—In the location the Knox- Mr. 


ville, Follette and Jellico Railroad the writer does not think the 
difficulties overcome were great those presented the 
Clinch Valley Division the Norfolk and Western Railroad. The 
topography the country, or, rather, the valleys, very dissimi- 
Pineville, Tenn. The Middlesboro Basin practically the same 
the basin Big Stone Gap. This separated from the Jellico Basin 
unproductive belt, about miles width, where the Con- 
glomerate the overlying rock, under which, under all 
conglomerate rocks Pennsylvania, bituminous coal found 
place. Jellico near the eastern edge the Jellico Basin, and 
the coal measures that basin are the upper measures the Poca- 
hontas Series, while those the Middlesboro Basin represent the No. 
Pocahontas vein. The upper measures are not nearly pure 
the lower measures. 

The coal-bearing rock series this formation thicken the 
southeast border, the elevation the veins increased, and they 
finally vanish. 

The rocks east certain point have been eroded more, being 


softer, until the limestone formation, peculiar the Clinch Valley, 
reached. 


The general direction the coal measures, when displacement 
has occurred, varies from 30° 40° this section, which 
the general course until the Susquehanna River Pennsylvania 
reached, when deflected more the east, and the anthracite coal 


series prevail, anthracite coal being found west the Susquehanna 
east the Lehigh. 
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The Clinch Valley Railroad, being located southeast the coal- 
bearing series rocks, the district most affected 
Thence the streams are more winding. The upheaval the limestone 
caused diversion Summit, and all along the line 
Tazewell County far Cedar Bluff this rock asserts itself. The 
particular feature which the writer wishes show that the strata 
southeast this line the Pocahontas vein are broken, from Bir- 
mingham, Ala., New York State. 

Northwest this line the strata are nearly horizontal, and are 
broken very little for distance nearly 100 miles. The coal beds 
thin out toward the northwest and dip that direction, with few 
anticlinals, until they are too deep workable. The coal-bearing 
rocks the Kanawha Series become the producing strata, until they 
take the same dip northwest direction, and are overtopped 
the Pittsburg formation, which the upper formation and distin- 


guished from the other being semi-anthracite character, 


many places. 

The rocks through which the Big River forces its way are not dis- 
placed, the Clinch River, and therefore the sinuosities are not 
common. 

the Clinch Valley Division the Norfolk and Western the 
Creagan Tunnel the last the limestone ridges penetrated. The 
time allotted the survey the territory lying between the mouth 
Thompson Creek and the mouth Guest River, and Guest River 
the vicinity Coeburn the mouth Big Tom, was scarcely 
sufficient. 

careful survey should have been made from Keyser Tunnel, near 
the mouth Dump Creek, over the dividing ridge between Dump 
and Lick Creeks, and again over the ridge the headwaters Little 
Tom. Thus, the tunnels, when necessary, would have been through 
sandstone altogether, and the coal-bearing strata would have been 
reached shorter distance from Graham, and the coal fields traversed 
alonger distance. The fall Guest River, from its source point 
below the mouth Big Tom, the rate 120 ft. per mile. 

Russell Creek Valley 100 ft. higher than Bull Run Valley 
opposing points. Therefore, might have been better have made 
one tunnel from Whetstone River into the Russell Creek Valley and 
another tunnel into the Bull Run Valley the head Lawson’s 
Hollow, where the 150-ft. trestle was built, being the nearest the 
high trestles the Little Tom Tunnel; thus, instead the Creagan 
Tunnel, the heavy cut the gap into Russell Creek Valley, the Big 
Bull and Little Bull and Holbrook Tunnels, the dip the crossing 
Russell’s Creek, the high trestles (one 100 ft. and two 150 ft. 
each) might, perhaps, have been avoided, and two tunnels, rather 
longer than any one these, but not measuring more than 75% the 
total tunnel distance, would have been substituted. 
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The saving cost might have been considerable, and the gradient Mr. Forsythe. 


reduced least 1.25 per cent. mentioned before, the time was 
short and the season very unfavorable for survey, there were 
many rains during the twelve weeks devoted this region. 

The writer has made extended examinations the eastern outcrop, 
from point near Chattanooga, Tenn., Broad Top, Pa., and has 
been confirmed the developments when found. The Cumberland 
Plateau mostly unbroken mass rock, and the coal measures 
have few faults and very little parting, bony coal; both the 
northeast and southwest some displacements are found, and such 
places more bone found and sometimes the veins have two partings 
instead one. Nothing would have been gained going down 
the mouth Bull Run—there would only have been more grade 
overcome. rises most abruptly the upper portions the valley, 
and the fall very gradual from Lawson’s Trestle down. 
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speaker. The author’s painstaking care compiling carefully the 
history this mode excavating merits much praise, and will 
surely great value the engineering profession. 

writer the history artificial refrigeration can record but little 
practical progress antedating the last quarter century; conse- 
quently, apparent from the paper that the engineers were among 
the first grasp its utility and apply successful means 
accomplish end, which, before its advent, had well nigh defeated 
their efforts. observed that many the early attempts exca- 
vate this process were successful only after much delay, others 
were only partially successful, and others were total failures. 
was not until the early Eighties that refrigerating systems began 
perfected relied upon, undoubtedly large number 
these failures were due the crude machinery used and the 
attention essential details installing the plants. 

the utmost importance, undertaking excavation this 
process, that careful observations taken nature 
the material, its specific and latent heat, and its conductivity tem- 
perature, these data will depend the determination the best 
means used applying the refrigeration, and the amount that 
can safely relied upon accomplish the work successfully. 


*Contmued from March, 1904, Proceedings. See Proceedings, for 


paper this subject James Brace, Assoc. Am. Soc. 
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pipes are sunk into the ground, excavating vertical Mr. Campbell. 


shaft, their spacing and arrangement should governed the 
varying nature the material the different sides the shaft, rather 
than spacing them evenly, has been usual. 

the work horizontal shafts tunnels, important that 
the arrangement such ensure even freezing entirely around 
the shaft, which can only accomplished bringing the pipes, 
through which the freezing agent passes, into absolute contact with 
the material frozen. 

There one matter which the speaker considers importance, 
the quickest success would attained, namely, that the refrigerating 
agent metered the different series pipes used, and its return 
temperature taken, order determine the amount work being 
done each point and the progress being made, which, further, 
serves check the previous examinations. 

perusal the paper indicates that, even the latest work, the 
most modern machinery was not used. Had that been done, much 
time would have been saved erection, and the freezing would have 
been accomplished very much sooner, the brine could have been 
carried temperature from 12° lower. Further, the intensify- 
ing the temperatures would have gone far toward ensuring the suc- 
cess the work, and would have reduced its cost materially. 

Up-to-date machinery now self-contained, quickly erected 
taken down, and such design that when standing idle will not 
deteriorate any great degree—no more than, and possibly not 
much as, ordinary pneumatic plant. 

Among the opportunities which have come the speaker’s 
edge where refrigeration could have been used great advantage and 
would have saved much time and money may mentioned the tunnel 
under the Harlem River for the new Croton Aqueduct. 

order determine the depth necessary below the bed 
the river ensure solid rock excavation for the entire tunnel, frequent 
borings were made across the river, and showed that 
about 150 ft. below the surface the rock was solid. The tunnel was 
started that depth, but, after proceeding for about 300 ft. pilot 
drilling developed 18-in. seam the rock. This seam was heavily 
water-bearing, much that further excavation that level was 
abandoned and bulkhead was put prevent future trouble. 
Further test borings were made, and was discovered that this fault 
the rock was between those borings made previously, and that, 
otherwise, the rock was sufficiently solid this elevation have been 
excavated the ordinary means; but order avoid this seam 
was necessary 155 ft. lower, where the rock proved perfectly 
solid. 

good conductor heat and cold would have been 
comparatively easy have frozen this ins. and then proceeded 
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Mr. the level first determined, thereby saving the city from $75 


Gobert 


$80 000 first cost and the expense pumping out this extra 
depth shaft whenever desired examine clean the tunnel. 
There were other points the Croton Aqueduct where artificial 
refrigeration could have been used great advantage. 

This tunnel work and the Speedway are the same side the 
Harlem River. The engineers informed the speaker that they had 
determined pilot drilling that this ins. was the only stratum 
which was too heavily water-bearing have prevented their excavating 
that elevation, and the rock has low specific heat and good 
conductor heat and cold, and water was undoubtedly stagnant, 
there doubt that could have been easily frozen for excavating. 

the work the Speedway, understood that the material 
which was attempted freeze was quicksand, which would indicate 
that the conditions were entirely different from those the Croton 
Aqueduct and more uncertain. The speaker knows nothing about 
these conditions how the refrigeration was applied, consequently 
unable state why the work was not successful whether 
refrigeration could have been applied have been successful. 

The science artificial refrigeration has advanced such point 
that the engineer should have mind means accomplishing 
difficult which, heretofore, has been done more crude 
and expensive means. 


SHAFT SINKING GREATER DEPTH THAN POSSIBLE THE 
KIND-CHANDRON PROCESS. 


In this case, the soft ground is filled with salt water which prevents the application of the 
« freezing process, 


Fresh water is pumped into the place occupied by the salt water, 


SSS 


Pipes injecting fresh water. 
The pipes used for pumping out the salt water 
may be similar to those used in pumping petroleum. 
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(by letter).—The shaft Ronnenburg could not Mr. Gobert. 


completed the freezing process, because the ground-water con- 
tained too much salt. 

the new coal field Campine, the north Belgium, and 
other places the left side the Rhine, much salt water found 
depth of, say, 600 m., and thus beyond the.limit, 400 m., ascribed 
the possibilities the Kind-Chandron process. The writer, there- 
fore, proposes pump the salt water from the soft ground, the 


same way petroleum pumped, and then pour fresh water 
take its place, thus rendering freezing possible. 


This idea shown clearly Figs. and 44. 
All the writer’s recent patents are based the circulation 


brine; has abandoned the idea evaporating ammonia the 
freezing tubes. 


James Assoc. Am. Soc. (by letter).—In prepar- Mr. Brace. 


ing this paper was the writer’s purpose show where information 
was lacking, well summarize that available. Many the 
uncertainties regard the use the freezing process various 
points could those who were direct charge the 
work. The writer somewhat disappointed that the discussion has 
not brought out more particulars this respect. Mr. Moran states, 
all the gentlemen interested the use the freezing process this 
country are members this Society, and the writer hoped that they 
would join making the record complete, least far America 
concerned. 

There are many factors yet determined before accurate esti- 
mates can made advance the time required for, and the cost 
of, any particular work. Theoretical study will prove very 
pointing out the nature the problem and the elements for which 
the values are determined. The values these elements, how- 
ever, can only determined observations actual practice, sup- 
plemented laboratory experiments. Those charge the work 
the Shafts made start the right direction, and some infor- 
mation was also collected the Chapin Mine. 

planning future operations the freezing method, 
hoped that detailed system observations for determining the 
unknown factors will planned advance and then carried out 
faithfully. this way the freezing process can soon placed 
definite basis, and will command the confidence undoubtedly deserves 
certain classes work. 

Mr. Campbell has suggested that modern machinery would enable 
the use much lower temperatures. doubt possible pro- 
duce much lower temperatures than any that have been used thus far 
the freezing process, but the writer has been unable ascertain 
the lowest temperature which practicable circulate calcium 
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Mr. Brace. chloride brine. This temperature might prove the limiting con- 
dition, rather than that which could produced the freezing 
machine. 

conclusion, may interest note that, within the last 
few weeks, the freezing process has been used, scale St. 
Louis, stop leak steel coffer-dam. The published: accounts 
are rather meager, but, apparently, the attempt was successful. 
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Francis, Am. Soc. Society indebted Mr. Francis. 


the author for his good description the work done. The paper de- 
scribes method lowering masonry pier, built timber plat- 
form, its final bearing pile foundation, long 
with the threaded end the bolts the top, the lowering having 
been effected turning nuts these bolts. 1888 the center pier 
single-track draw-bridge Oakland Beach, I., was placed, 
this manner, under the speaker’s direction, with the exception that the 
rods were reversed, placed with the threaded ends down and 
with the nuts boxed into the underside the timber platform. The 
pier was lowered turning the heads the bolts, instead the nuts. 
This was necessary because the track grade was near the water and 
the old draw was frequently turned for the passage boats; the 
bolts had been set with the screw ends would have been impos- 
sible swing the draw. 

1892 the end piers the double-track draw-bridge, the 
Shore Line, Mystic, Conn., were lowered the manner described 
the author. Under certain conditions this method proves very 
economical and effective, particularly where the amount lowering 
required the difficulties coffer-damming are great. 

*This discussion the Herbert Wild, Jun. Am. Soc. E., printed 


Proceedings for printed Proceedi ngs order that the views 
expressed may ‘ore all members the for further disc 


Communications subject received prior May 27th, 1904, will published 
subsequently. 
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The speaker has had difficulty sawing off piles under 
water with circular saw shaft placed pile-driver leaders 
scow. binding the saw experienced the author was prob- 
ably due the light scow used. will probably remembered that 
Boller, M.Am. E., had piles cut off this manner, about 
ft. under water, the Thames River Bridge, New London, Conn. 
difficult saw the piles off even grade, owing the rise 
and fall the tide and some surging the scow. Even the 
moderate depth ft., the writer found difficult saw off clus- 
ter piles within in. the proper grade line (measured down), 

great depths, like ft., records obtained with steel tape line 
have shown that difficult cut off piles within ins. the 
proper grade line, within range such cases ex- 
pected that the weight the masonry the platform grillage will 
the timber until the platform comes even bearing the 
piles. 

Exception has been taken the author’s conclusion that pref- 
erable use divers, rather than machinery, cut off piles under 
water, and the opinion has been expressed that divers are about the 
most unreliable agents that can used. The speaker thinks that 
much depends the experience the divers employed. doubt, 
some are unskilled construction work under water who would 
skilled other work. constructing the Boston Terminal, 
sion required the removal some crib timber buried gravel filling 
under water, and certain local divers were employed for the work. 
They spent many weeks the attempt, making very little progress, 
and then practically confessed their inability the work. de- 
spair, the contractor for the terminal work turned the writer for 
advice, and was directed send fora certain diver experienced 
wrecking and construction work under water. This was done, and, 

although the cost was large, the work was executed promptly. Such 
diver will succeed this class work where many others fail. 
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AND BOND LAW, 

VALUING RAILROAD PROPERTIES. 


Discussion.* 


while admitting that grave objections may raised the methods 
used the Railroad Commission Texas valuing railroad prop- 
erties under the provisions the Stock and Bond Law, believes that 
other objections, some perhaps more serious, might raised against 
any other system valuation that could formulated, and that 
probable that the Texas Law, when administered fairly and impar- 
tially, fair and just, both the railroads and the public, 
possible provide. 

the law now stands, susceptible considerable freedom 
application, and, under such limitations ‘‘to promote public inter- 
ests and protect private rights” and ‘‘public interests and the 
preservation the property,” one will maintain that fair and 


Continued from March, 1904, Proceedings. See January, Proceedings, for 
paper this subject Thompson, Assoc. Am. Soc. 
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reasonable tribunal has not ample opportunity mete out just and 
liberal treatment the railroads, and, the same time, give the 
people the protection contemplated the law. left absolutely 
the discretion the Railroad Commission authorize the issuance 
stock and bonds excess the value the railroad property. 

That the law and the methods used the Commission valuing 
railroad property have not entirely discouraged railroad building 
Texas shown the fact that since the passage the law more than 
000 miles railroad have been built, both trunk lines and 
small independent corporations, and have been paid for securities 
issued under its restrictions. This evidence that the law does not 
hamper entirely thwart legitimate railroad construction. The hue 
and cry raised against the law and its administration can every case 
traced someone who does not understand its provisions, 
some old promoter whose avocation building railroads for purely 
speculative purposes—intending reap profits out bonuses and 
questionable construction contracts—is practically destroyed. 

Mr. Corthell asks: 


not more reasonable obtain the contract prices 
paid the company constructing its railroads, and the actual cost 
from its books when doing the work its own day labor 


Assuredly, such practice would advisable, and, matter 
fact, such the practice actually carried out the Commission 
whenever possible obtain the information. When valuing new 
properties, the Commission requires that all original contracts, for 
construction every character, submitted for its inspection, 
together with the company’s estimates the actual quantities all 
kinds construction. The estimates value made from these 
are intended liberal, and, anything, more than cover the actual 
cost. All the original right-of-way deeds, franchises, etc., are filed 
with the Commission for examination, and liberal allowance made 
for the value right-of-way, depot and terminal grounds, accord- 
ance with what appears the actual market the property, 
including certain percentage, addition, for damages that may 
may not have been paid abutting property owners. deduction 
made for the value property which may have been partially 
wholly donated. 

The Commission has the figures actual cost every case where 
they can obtained. the case old railroads, existing the 
time the passage the law, except few instances, the con- 
struction records, notes and sometimes even all the original maps and 
profiles, had been destroyed, mislaid carried out the State. 
number the lines had been built construction companies for 
such stock and bonds may have been issued, and records 
estimates cost were ever turned over the railroad companies. 

should borne mind all times that the Commission was 
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directed the law make and not Mr. Thompson. 


estimate course, was the intention the law that the 
estimate should be, some extent, based the actual 
cost, where such cost was reasonable the company, but the actual 
cost cannot adopted the basis for value every case. Asa 
physical proposition, yard earth has the same value one railroad 
another contiguous territory, although the actual cost one 
case may have been cents, while the other may have been 
cents, per cubic yard. cents per cubic yard considered the 
Commission the value earth for one railroad, consistent, 
must also value earth the other cents per cubic yard. The 
fact that one company was able let its earthwork contract for 
less than the other company does not make its earthwork less valuable 
the eyes the Commission. 

The writer, certainly, not one contend that 
the roadbed railroad does not sense add its physical value. 
valuable many ways, viz., the maintenance charges per mile 
are less, the danger accidents decreased, the wear and tear 
rolling stock less, etc. But the question decided the Com- 
mission, when establishing its methods valuation, was whether 
not such value was mortgageable, and, so, how could its value 
ascertained. The expense properly charged, 
through roadbed account, maintenance, and does not appear the 
additional outlay capital the owners the road, the sense 
that other permanent improvements do, and hence not value that 
should mortgaged; that is, interest charges should not permitted 
collected thereon. accordance with the decisions the Fed- 
eral Courts, the Commission must permit sufficient rates freight 
enable the railroads earn, addition operating and maintenance 
expenses, fair rate interest the value the property. Had 
recognized that ‘‘seasoning roadbed” was item which must 
valued determining the amount stock and bonds which railroad 
could issue, would have been the position imposing double 
charge the public account such value, viz., the original cost 
such and annual interest such cost. 

Mr. Corthell decidedly error when states that: 

The estimate which base the permitted issue stocks and 
bonds made upon the report engineer who goes over the road 
with profile and estimates his quantities from center heights.” 

this time, the history the Commission, there has never 
been instance where stocks and bonds have been issued this 
basis. all cases that have come the railroads have been able 
supply the Commission with the actual quantities graduation. The 
only instances when the approximate method was used were the 
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valuations some the older railroads, already mortgaged, the 
actual quantities graduation for which were unobtainable from any 
source, probable that, when these properties come here- 
after before the Commission, with application for issuance new 
mortgages, accurate surveys will have been made, and, the estimates 
offered are considered the Commission correct, they will 
adopted it. 

Under the Law, Article promote public interests and 
protect private rights, the Commission may correct its report value 
any railroad any time may deem proper.” The valuations 
which have been made and published the Commission are not neces- 
sarily, Mr. Corthell appears assume, entirely permanent. new 
valuation can ordered whenever the Commission considers that 
justice demands it, and the Commission composed just and 
reasonable men.- The chief function the Commission this par- 
ticular, emphasized the Stock and Bond Law, see that 
the stocks and bonds hereafter issued railroad not exceed 
value its Whenever application made 
railroad for authority issue stocks and bonds, becomes the 
duty the Commission ascertain the value the railroad property 
that time, and the value all permanent improvements, equip- 
ment, etc., that have been added since any former valuation, must 
necessarily included. Although, this time, only one case 
this kind has come before the Commission for action, considered 
that under the law has discretion the matter, and must revalue 
railroad whenever application made and the occasion demands. 

Since most the railroads Texas were valued 1894 and 1895, 
just after the passage the Stock and Bond Law, must not sup- 
posed that the Commission holds that they are worth more to-day, 
basis for issuance securities, than the time valuation. 
The average valuation per mile those railroads which have been 
valued is, stated the paper, highly probable that, 
revaluation were ordered made now the Commission, the 
same basis used formerly, this average per mile would increased 
several thousand dollars account the great amount permanent 
improvements and equipment that have been added the railroads 
during the past ten years. The value these improvements, and 
reasonable amount for appreciation all real estate, would have 
added the former valuations. 

important feature the Texas Railroad Stock and Bond Law, 
one that should not overlooked anyone attempting criticise 
and the methods railroad valuation prescribes, the enhanced 
value has given railroad securitiesin Texas. comparison the 
market value the stocks and bonds the railroads Texas to-day 
with those ten years ago will convince the most skeptical this 
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fact. The writer has mind one railroad, which was the hands Mr. Thompson. 


receiver the time the passage the law, and which recently 
built extension. The bonds issued this railroad, the value 
this extension, under the order the Commission, sold, the aver- 
age, for 108, itself handsome profit the capital involved, exclu- 
sive the liberal donations land and money which the company 
received from the communities penetrated. These were bonds, 
and, had bonds been issued, the limit allowed law, the profit 
from their sale, probably, would have been greater. Certain Texas 
railroad securities which were hawked about the brokers’ offices 
Wall Street and, with difficulty, found sale and 50, ten years ago, 
would now find ready purchasers par little less, had they the 
stamp approval the Railroad Commission. 

Another significant fact that only short time before the Stock 
and Bond Law became effective about 39% the railroads Texas 
were the hands receivers. To-day there not mile, the 
300 miles Texas, the hands receivers, and, with few unim- 
portant exceptions, railroad has been the hands receivers since 
the law went into effect. The fact that there has been piece 
legislation, this any other State the Union during the past 
decade, which has been fruitful results and beneficent its action, 
alike the railroads and the people. 
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DECEASED MEMBERS. 


will reproduced the Volumes Transactions. Any informa- 
tion which will amplify the records here printed, correct any errors, should 
forwarded the Secretary prior the final publication. 


SELWYN MELLON TAYLOR, Am. Soe. E.* 


Diep January 1904. 


Selwyn Mellon Taylor was born Allegheny, Pennsylvania, 
November 5th, 1862, and perished January 25th, 1904, brave 
attempt save human life after one the most disastrous explosions 
the mining history the United States. His parents were 
Taylor and Elizabeth (Gamble) Taylor. was married 1891 
Mrs. Mary Nolan, formerly Miss Mary Zinn. Mrs. Taylor and his 
two sisters are the only immediate relatives surviving him. 

The explosion which cost him his life occurred the Harwick 
Mine the Allegheny Coal Company, near Cheswick, Pennsylvania. 
Although Mr. Taylor had severed his connection with this company, 
engineer, almost two years before, he, immediately upon receipt 
the news, hastened the scene the accident with all the avail- 
able men his office. None the State mine inspectors could 
reached, and once assumed command the disorganized forces. 
All means ingress the mine were destroyed, both cages having 
been blown out, the steel head frame wrecked above the landing floor 
and the man-way the air-shaft blocked timber torn from the 
sides the shaft; all showing that explosion terrific violence, 
which must necessarily have traversed the entire mine, had taken 
place both the inlet and outlet the ventilating air current. 

Mr. Taylor’s firm conviction, shared alike all mining men 
present, was that all life the mine was extinct. The ventilating fan 
proper, being set back from the air-shaft, had escaped serious injury, 
and the air current entering the mine was only interrupted for brief 
period. After having sheave wheel attached the uninjured mem- 
bers the steel head-frame below the landing-floor and suspending 
sinking bucket, Mr. Taylor decided reverse the direction the air 
current and attempt entrance the mine way the hoisting 
shaft. Others volunteered for this service, and repeated attempts 
were made dissuade him from entering the mine account his 
asthmatic condition, but avail. With one companion made 
the first descent, not intending beyond the shaft bottom. 

There, one man was found alive and was sent Mr. Taylor 
with request for small number volunteers. Hesent 
request for the mine plan, but before reached him had, with two 
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volunteers, penetrated the mine about 700 ft. this point they were 
all overcome foul air and Mr. Taylor was unable retreat. When 
found was dead, and the presence indentation the forehead 
gave assurance that his death was instantaneous. His companions 
were saved. 

The man whom found alive proved the sole survivor 
about one hundred and seventy-five the mine the time the 
explosion; and that did survive, the subsequent examinations 
the ruins showed little short miraculous. Itis presumed that 
this survival led Mr. Taylor think that the conclusions reached 
before entering the mine were fault, and that still others might 
alive. 

The motives that actuate the simplest line human conduct can 
but rarely clearly and accurately defined. But quick, decisive 
action was characteristic this man. His wasevidenced 
every move his professional and business career. His tender 
heart was manifested host benefactions. And his many friends 
feel that these characteristics held abeyance his judgment and led 
him his untimely death. 

Although Mr. Taylor’s life was short, his mining career was com- 
paratively long and eventful. entered the office McCully, 
Civil and Mining Engineer, April 1880, was admitted him 
partner August 15th, 1883, and assumed charge the mining 
work the firm, which retained the time the partnership 
was dissolved, October, 1890. This was the period his work 
the field, and was during this time, largely, that acquired the in- 
timate knowledge the bituminous coal fields Pennsylvania and 
the methods their exploitation that, later, placed him the first 
rank mining engineers the United States. 1886 wrote 
portion the Annual Report the Geological Survey Pennsylva- 
nia, describing the mining methods use the bituminous coal re- 
gion Western Pennsylvania, and 1889 was appointed Governor 
Beaver, Pennsylvania, one the two mining engineers who are 
appointed every four years serve the Board Examiners for 
Bituminous Mine Inspectors. also assisted with valuable coun- 
sel the framing the Act 1893, revising the mine laws pertain- 
ing the bituminous coal region. 

From the spring 1891 until the time his death was actively 
engaged construction and consultation practice. His examinations 
and reports cover practically all the known bituminous coal areas 
the United States, and, the time his death, one his assistants, 
acting under his instructions, was engaged the examination 
coal field Southeastern Borneo for the benefit English capitalists. 

The individual mines which developed are too numerous for 
mention this memoir. His two principal monuments, this class 
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work, are the developments the Eureka Fuel Company, the 
Klondike” region Fayette ‘County, Pennsylvania, since ab- 
sorbed the United States Steel Company, and that the Pitts- 
burg Terminal Railroad and Coal Company, the immediate vicinity 
Pittsburg. The former consists four mines, 200 beehive coke 
ovens, pumping station and about miles pipe line; the latter 
consists seven mines opened simultaneously for the production 
steam and domestic coal. Both these developments are, the strict- 
est sense the word, representative their class. common 
with all his work, are chiefly marked the simplicity the means 
used attain the desired end; the combination and adaptation old 
and well-tried methods and the careful laying out work advance 
based accurate surveys. The commercial success his work has 
been largely due these factors. 

various times Mr. Taylor’s career, received tempting offers 
devote his entire time separate organizations. These refused, 
preferring the greater freedom his general practice. the year 
1900 opportunity was presented acquire very favorably located 
coal field, about miles from Pittsburg. this, Mr. Taylor inter- 
ested some few personal friends, and with them organized the Midland 
Coal Company. Dock facilities were secured Cleveland, and rapid 
and systematic development the coal field was carried forward, 
with the result that, the close the year 1902, three first-class 
mines and miles railroad were built and active operation. 

The situation the property, connection with its first-class 
development and the shipping facilities which had been acquired 
Cleveland, gave such value the eyes the Pittsburg Coal Com- 
pany that the entire improvements were purchased them large 
figure, and the entire acreage coal was turned over them under 
the duration which was forty years, the terms being 
couched that practically amounted sale the entire holdings 
this company the Pittsburg Coal Company. 

During the progress these negotiations Mr. Taylor had become 
interested the exploitation body Freeport coal within 
miles Pittsburg. The value this property, this time, 
had been unrecognized; but systematic exploration, drilling and 
otherwise, justified Mr. Taylor his judgment that this hitherto 
unknown coal field was one the most valuable and easily accessible 
bodies coal that has ever been known the vicinity Pittsburg. 
This tract was partially developed the time his death, and still 
the hands his estate. 

Owing the reputation Mr. Taylor had acquired the operating 
end the coal business, his development, successful operation 
and advantageous sale the Midland Coal Company, and the brilliant 
opportunity which had grasped the above-mentioned field 
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Freeport coal, overtures were made him prominent financial 
interests which eventually led the projection the National Coal 
and Coke Company, intended operate the above-described Indianola 
coal property, well some 700 acres exceptionally fine coking 
coal the Monongahela River, miles above Brownsville. Mr. 
Taylor was chosen president this company, and his was the influence 
which was counted upon interest Pittsburg capital, and also 
carry its development and operation successful conclusion. 

Mr. Taylor’s career covered period rapid growth the im- 
portance the engineer’s connection with bituminous coal mining, 
and was largely instrumental fostering this growth. its begin- 
ning, the engineer was rarity the Pittsburg region; there was 
simply the surveyor making maps mine workings with the direction 
which had nothing do. its close, the engineer para- 
mount, and few moves are made without his counsel. 

the case with all good engineers, Mr. Taylor’s office was one 
the schools engineering that publish catalogue and make 
address the general public. But large number young men 
have taken either partial complete courses it. Many them 
are holding positions responsibility elsewhere, and all them hold 
remembrance his valued teaching and kindly attitude toward the 
beginner. His own education was acquired the ward and high 
schools Pittsburg, entering the latter very early age. His 
father was prominent member the Allegheny County bar, and, 
being nature profound student, with mathematical attainments 
far above the average, rendered valuable assistance the son the 
preparatory stages his engineering work. 

Mr. Taylor was elected Member the American Society Civil 
Engineers October 7th, 1903. For many years had been 
prominent member the Engineers’ Society Western Pennsylvania, 
and was member its Board Directors the time his death. 
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MINUTES MEETINGS. 
THE SOCIETY. 


May 4th, 1904.—The meeting was called order 8.45 
Edward North, Am. Soc. E., the chair; Chas. Warren 
Hunt, Secretary; and present, also, 146 members and guests. 

The minutes the meetings April 6th and 20th, 1904, were ap- 
proved printed the Proceedings for April, 1904. 

paper, entitled Lake Cheesman Dam and Reservoir,” 
Charles Harrison, Am. Soc. E., and Silas Woodard, Assoc. 


Am. E., was presented Mr. Harrison, and illustrated with 
lantern slides. 
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The paper was discussed Messrs. Williams, Sherman 
Gould, Harrison, Emil Kuichling, Edward Wegmann, Waldo 
Smith and Charles Harrison. 

The Secretary announced the receipt written discussions from 
Messrs. Frizell, Burr Bassell, Maltby, Frank Horn and 
Charles Gowen, but owing lack time these were not read. 

Ballots for membership were canvassed, and the following candi- 
dates elected. 


MEMBERS. 


JEREMIAH AHERN, Washington, 

New York City. 

GREENE New York City. 
ARTHUR Dean, Concord, 

Guy Emerson, Boston, Mass. 
Powers New York City. 
Homer Los Angeles, Cal. 

Manila, Philippine Islands. 
New York City. 
Henry Leavenworth, Kans. 
Epwarp Austen, Va. 
Des Moines, Iowa. 
Henry Vincent Boston, Mass. 
Harrisburg, Pa. 

New York City. 

Henry Linton Reser, St. Louis, Mo. 

Everett Springfield, Mass. 

Epwarp Middlesbrough, England. 
Edgewood Park, Pa. 
JOSEPH FRANKLIN Buffalo, 


MEMBERS. 


Cossart Baker, New York City. 
San Juan, Porto Rico. 
CHARLES FERDINAND Brenn, Roslyn, Wash. 
Laramy Boston, Mass. 
NATHANIEL Hartford, Conn. 
New York City. 
James Davis, New York City. 
ALBERT GREENE, Ann Arbor, Mich. 
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Joun Hoyt, Washington, 
Jacoss, New York City. 
Barp New York City, 
Oscar Francis Santiago, Cuba. 
Henry New York City. 
Harry Hayes Portland, Me. 
Oscar James Chicago, 

Shreveport, La. 
Woods, Vicksburg, Miss. 


The Secretary made the following announcements: 


The transfer the following candidates, the Board Direc- 
tion, May 3d, 1904: 


From MEMBER MEMBER. 


Lewis Philadelphia, Pa. 
Moses, Cambridge, Mass. 

HERBERT Snow, Boston, Mass. 

Isaac New York City. 
Wess, Philadelphia, Pa. 


From ASSOCIATE MEMBER. 


Henry Lawrence, Mass. 


The election the following candidates, the Board Direc- 
tion, May 3d, 1904: 


JUNIORS. 


Apams New York City. 

WELLER GREENLAW, New York City. 
ALBERT PRESTON GREENSFELDER, St. Mo. 
New York City. 
Boston, Mass. 

Grand Rapids, Mich. 
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The following deaths: 

elected Member, March 3d, 1886; 
died April 24th, 1904. 

elected Honorary Member, January 24th, 
1893; died April 30th, 1904. 


elected Fellow, May 28th, 1872; died September 
13th, 1902. 


Adjourned. 


May 18th, 1904.—The meeting was called order 8.45 
Past-President Alfred Noble the chair; Chas. Warren Hunt, Secre- 
tary; and present, also, 156 members and guests. 

paper, entitled Gatun Dam,” Ward, Am. 
Soc. E., was presented the author and discussed Charles 
Harrison, Am. Soc. E., and the author. 

second paper, entitled, The Collapse Building During Con- 
struction,” Parsons, Am. Soc. E., was presented 
the author. 

The Secretary presented written communications the paper 
Messrs. Guy Wait, Nathaniel Roberts and Tilden. 

The subject was discussed further Messrs. Llewellyn, 
Whiskeman, Schneider, Lowinson, Macdonald and 
O’Brien. 


Adjourned. 
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THE BOARD DIRECTION. 
(Abstract. 


May 3d, 1904.—8.30 m.—Vice-President Deyo the chair; Chas. 
Warren Hunt, Secretary, and present, also, Messrs. Buck, Craven, 
Croes, Ellis, Gowen, Knap, Noble, Osgood, Webster and Wilgus. 

Ballots the matter the appointment Special Committee 
Concrete and Steel-Concrete were canvassed, with the following 
result: 


favor the appointment the Committee. 


911 
Against the appointment the Committee.......... 


The Special Committee was appointed. 

Action was taken regard members arrears for dues. 

The following Committee was appointed recommend the award 
prizes for the year ending with the publications July, 1904: 


WAGNER, 


Plans for the enlargement the Society House were considered. 

Applications were considered and other routine business transacted. 
Six Associate Members were transferred the grade Member; one 
Associate was transferred the grade Associate Member, and six 
candidates for Junior were elected.* 


Adjourned. 
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ANNOUNCEMENTS. 


every day, except Sundays, Fourth July, Thanksgiving Day and 
Christmas Day. 


MEETINGS. 


Wednesday, June m.—A regular business 
meeting will held. Ballots for membership will canvassed, and 
paper, ‘‘On Sedimentation,” Allen Hazen, Am. Soc. E., 
will presented for discussion. 


This paper printed this number Proceedings. 


Wednesday, September 7th, 1904.—8.30 regular business 
meeting will held. Ballots for membership will canvassed, and 
two papers will presented for discussion, follows: The Instal- 
lation Pneumatic Pumping Plant,” Arthur Diamant, Jun. 
Am. Soc. E., and Some Notes the Creeping Rails,” Sam- 
uel Tobias Wagner, Am. Soc. 


Both these papers are printed this number Proceedings. 


ANNUAL CONVENTION, 1904. 


The Thirty-sixth Annual Convention will held St. Louis, Mo., 
during the week beginning October 3d, 1904. 


UNIVERSAL EXPOSITION, ST. LOUIS, 1904. 


The Society has undertaken provide for engineering exhibit, 
and the establishment Headquarters for visiting engineers the 
center the Liberal Arts Building, and the Board Direction has 
appropriated sufficient funds defray the necessary expense. 

This matter the hands the following Committee: 


Am. Soc. E., St. Louis, Mo., Chairman. 
Epwarp Am. Soc. E., Chicago, 
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COMMITTEE ARRANGEMENTS FOR THE ENTERTAINMENT 
MEMBERS THE INSTITUTION CIVIL 
ENGINEERS, SEPTEMBER, 1904. 


The following committee has been appointed the Board 
Direction arrange for the reception and entertainment the mem- 
bers the Institution Civil Engineers, who will visit the Society 
Headquarters September, 1904: 


Hermany, Chairman. Vice-Chairman. 


PAINE, 

WHITTEMORE, 
CHANUTE, 
Harrop, 

THEODORE 
Foster 

Jr., 


soon details have been perfected, circular information 
will issued the membership. 


PRIVILEGES LOCAL SOCIETIES EXTENDED MEMBERS 
THE AMERICAN SOCIETY CIVIL ENGINEERS. 


The Boston Society Civil Engineers will welcome any member 
the American Society Civil Engineers its library and reading 
room, 715 Tremont Temple, Boston, which open week days 
from to5 Members will also welcome the meetings, 
which are held the same building the evenings the fourth 
Wednesday January, and the third Wednesdays other months, 


except July and August. 


ALLEN 
HERING, 
HERSCHEL, 

Parsons, 
Jos. Jr., 

ScHNEIDER, 


Hont, Secretary. 
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The rooms the St. Louis Engineers’ Club, the business center 
St. Louis, will kept open during the World’s Fair season, May 
1st December 1904, and visiting engineers are cordially invited 
use them for mail, telephone service, information, etc. 

The courtesies the Engineers’ Society Western Pennsylvania 
have been extended members the American Society Civil En- 
gineers. The rooms the Society, 410 Penn Ave., Pittsburg, Pa., 
are open all times, and meetings are held follows, except during 
July and August. Third Tuesdays; 
Thursdays following third Tuesdays; 
first Tuesdays; Fourth Tuesdays. 


SEARCHES THE LIBRARY. 


January, 1902, the Secretary was authorized make searches 
the Library, upon request, and charge therefor the actual cost 
the Society for the extra work required. Since that time many such 
searches have been made, and bibliographies and other information 
special subjects furnished. 

The resulting satisfaction, the members who have made use 
the resources the Society this manner, has been expressed 
frequently, and leaves little doubt that, were generally known 
the membership that such work would undertaken, many would 
avail themselves it. 

The cost trifling, compared with the value the time 
engineer who looks such matters himself, and the work can 
performed quite well, and much more quickly, persons familiar 
with the Library. 

Copies all lists references are filed, that many cases 
only necessary make typewritten copy, which reduces the cost 

asking that such work undertaken, members should specify 
clearly the subject covered, and whether references general 
books only are desired, whether complete bibliography, involving 
search through periodical literature, desired. 


ACCESSIONS THE LIBRARY. 


ACCESSIONS THE LIBRARY. 
From April 13th May 10th, 1904. 


DONATIONS.* 


TABLES SHOWING LOSS HEAD DUE FRICTION WATER PIPES. 


Edmund Weston, Am. Soc. E., Inst. Third 
Edition. Leather, pp. New York, Van Nostrand 
Company, 1903. $1.50. (Donated the 


The author states the preface that, when first began make practical 
cation hydraulic formulas, was unable find one for calculating the loss head 
due the friction water flowing pipes, that had not heard criticised more 
unfavorably. This led him commence make special investigations upon the 
subject. The data five hundred and twenty experiments. which had been made 
twenty-six different investigators, were obtained. study these experimental data 
convinced him that the same formula would not apply all cases, and that order 
make intelligent investigation, would necessary divide the data into three 
classes, viz., those which had been obtained with pipes having very smooth interior sides 
similar lead and brass pipes, those with pipes having interior sides similar new 
cast-iron pipes, those with pipes having interior sides similar old cast-iron pipes. The 
result was the construction the author new formula for the flow water 
pipes having very smooth interior sides, and the conclusion that two formulas con- 
structed the late Henry Darcy were well adapted for pipes having interior sides 
similar new cast-iron pipes. general formula was not discovered which would 
apply satisfactorily old cast iron pipes, but the author has given, Table No. 2,a 
series multipliers which can used for preliminary work connection with the 
table, for very approximately estimating the increase loss head due friction 
which may take place pipes that have been service five more years. 


LANDSCAPE ARCHITECTURE. 


Notes and Suggestions Lawns and Lawn Planting—Laying out 
and Arrangement Country Places, Large and Small Parks, Cemetery 
Plots, and Railway-Station Lawns—Deciduous and Evergreen Trees 
and Shrubs—The Hardy Border, Bedding Plants—Rockwork, etc. 
Samuel Parsons, Jr. Cloth, 9x6ins., pp., illus. New 
York, Putnam’s Sons, 1904. $2.00. 


The introduction states that the object this book stimulate interest 
inexpensive style landscape gardening enunciating few practical, fundamental 
and give account some examples well-laid-out grounds and 

escription some the best lawn plants. The chapter headings are: Introduction; 
The Lawn; The Treatment Sloping Grounds; Spring Effects the Lawn; Trees and 
Shrubs for June Effects the Lawn; The Flowers and Foliage Summer; Green 
Autumnal Foliage; Autumn Color the Lawn; Lawn-Planting for Winter Effect; 
Garden Flowers; Grandmother’s Garden; Bedding Plants; The Ornamentation Ponds 
and Lakes; Lawn Planting for Small Places; City Parks; Railway, Churchyard and 
Cemetary Lawn-Planting; Nookeries the Home Grounds; Friend the Andromeda. 
There index thirteen pages. 


HANDBOOK TIMBER PRESERVATION. 


Samuel Rowe, Am. Souvenir Edition, Revised. 
Leather, ins., 204 pp., illus. Chicago, Pettibone, Sawtell 
Co., 1904. (Donated the author.) 


Since 1885 the author has labored perfect the methods and appliances, studying 
each principle and all questions connected with the operation timber preserving, 
the direction convenience, economy and effectiveness. not pretended that the 
operator can take the matter from the book and proceed once run the business, 
but the treatise will service handbook and guide during the operation the 
giving hints during the construction. The second edition pub- 

ished after being revised and extended its scope. effort has been made bring 
the writing other experienced men, well add many items experience 
and results experiments that will aid the student and operator ina fuller understand- 
ing the principles involved the operation, the nature the chemicals used, and 
the character the woods treated. 


otherwise specified books this list have been donated the publishers. 
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PRACTICAL LESSONS ELECTRICITY. 


[Society 


Elements Electricity; The Electric Current, Sager. 
Electric Wiring, Cushing, Jr. Storage Batteries, 


Crocker, Am. Inst. Cloth, ins., illus. 
American School Correspondence. 


Chicago, 


This volume consists four the forty-five regular textbooks the electrical 


engineering course the American School 


Correspondence Armour Institute 


Technology, bound together convenient form, but not the order usually studied. 


stan 


The purpose the volume give the public opportunity judge both the 
and the scope the instruction offered, 


elementary instruction being 


illustrated the first half, and the advanced instruction the last half, the book. 


Although 


ublished primarily demonstrate the character the textbooks the 


school, and representing only fragmentary part the complete electrical engineering 
course, yet believed that this volume has itself enough practical information 
addition the library the expert electrician well that the 


amateur. 


LES PORTS MARITIMES L’AMERIQUE NORD SUR L’ATLANTIC. 


Par Baron Quinette Rochemont Vetillart. Paper, 
ins., Atlas ins., vol., with Atlas. Paris, Vve. Ch. 


Dunod, 1898-1904. francs. 


Volume this work relates the Canadian ports and Volume study the 
administration navigable ways. Volume III monograph the principal harbors 


the eastern coast the United States: Portland, Sandy-Bay, Boston, 
Baltimore, Philadelphia, Newport News, Norfolk, Portsmouth, 


York, 
harleston and 


ese harbors giving its geographical and hydro- 


situation, its nautical conditions, the improvements which have been made 
the National and State Governments, local authorities and private enterprise. 
Statistical information given which shows the commercial importance, the progress 
and the customs and taxes received the public authorities. 


LES REGULATEURS DES MACHINES VAPEUR. 
Par Lecornu. Paper, 12x ins., 313 pp., illus. Paris, Vve. 


Ch. Dunod, 1904. francs, 50. 


this work the author has developed, aside from his own theory, the theories 
different French and foreign authors, and has compared and discussed them. The book 
two parts: Part. Cinématique Statique Regulateur; Part Dynamique 
Régulateur. Part gives list the efforts perfect the Watt machine: 
regulators with centrifugal force, pneumatic, marine, electric, etc. There are man 
documents this subject, and the author has brought them all together. The wor 


closes with treatise the 


riments made simplify the functions the regu- 


lator. There analytical table and alphabetical index. 


Gifts have also been received from the following: 


Am, Academy Arts and Sciences. 
bound vol., vol. 

Am. Gas Light Assoc. bound vol. 

Am. Soc. Mech. Engrs. vol. 

Asociaci6n Ingenieros Industriales 


Associacao dos Engenheiros Civis Portu-. 


ezes. 
Atkinson, Edward. pam. 
Babcock, bound vol. 
Brit. Columbia—Bureau Provincial In- 
formation. bound vol., vol., 


pam. 

Brockton, Mass.—Water Commrs. pam. 

bound voi. 

Brooklyn, N.Y.—Pub. Lib. vol. 

Burlington, Vt.—City Clerk. vol. 

Burlington, Vt.—Water Dept. pam. 

Buxton, Clifford. vol. 

Cal.—Dept. Highways. pam 


ge, Mass.—City Clerk. bound 
vol. 


Engr. Rys. and Canals. 


Canada—Geol. Surv. vol. 

Canadian Soc. Civ. Engrs. 

Andres. 

City Record. bound vol. 

Civ. Engineers’ Club Cleveland. 

Collegio degli Ingegneri Architetti 
Palermo. vol. 

Collegio Toscano degli Arch- 
itetti. vol., vol., pam. 
Board Health. bound 

Cunningham, A.C. pam. 
Delaware Coll. pam. 
Eng. Assoc. the South. vol. 
Essex County, Comm. 4pam. 
Fal Water Board. 
Finch, John pam. 
Fitchburg, Mass.—City Engr. 
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Great Britain—Patent Office. vol., 

Hunt, Chas. Warren. pam. 

Imperial Earthquake Investigation Com- 
mittee. vol. 

Inst. Civ. Engrs. bound vol., vol. 

Inst. Gas Engrs. vol. 

Iowa—Sec. State. bound vol. 

John Crerar Lib. 

Klein, Otto bound vol. 

Lynn, Mass.—Board Pub. Works, 


Mai Works Dept. bound 
vol. 

Me.—Forest Commr. bound vol., vol. 

Mass.—Board and Land 
Commrs. vol., pam. 

Mayne, Charles. vol. 

Mazoyer, 

Medford, Mass.—Water Commrs. pam. 

Mo.—R. Warehouse Comm. bound 


Moberly, Frank. bound vol., pam., 
maps. 
Montreal, Que.—City Surveyor. pam. 
J.—Commr. Pub. Roads. pam. 
bound vol. 
State—Dept. Agri. bound vol. 


State—Supt. Pub. Bldgs. vol., 
bound vol. 


New York, Chicago St. Louis Co. 
C.—Geol. Surv. vol., pam. 


North England Inst. Min. and Mech. 
Engrs. vol. 

North-West Ry. Club. vol. 

Northern Central Ry. Co. 


Norwich Univ. vol. 

Nova Scotia—Dept. Mines. pam. 

Ohio—Bureau Labor Statistics. 
bound vol. 

Penn.—Bureau Industrial Statistics. 
bound vol. 

Phillips, Hiram. bound vol. 

Pinchot, Gifford. 

(The) Polytechnic. vol. 

Progress Pub. Co. bound vol. 

Rowe, Samuel bound vol. 

Royal Soc. Canada. bound vol. 

Rutgers Coll. pam. 

Salem, Mass.—Water Board. pam. 

bound vol. 

Sociedad Cientifica Antonio Alzate.” 
vol., nos, 
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Société des Ingénieurs des Indus- 
triels. 
ngénieurs Civils France. 
vol. 
Somerville, Mass.—Board Health. 


pam. 

Soper, George pam. 

South Australia—Rys. Commr. 

Swarthmore Coll. vol. 

Hydrometic Fédéral. 

am. 

Taunton, Mass.—Water Commrs. pam. 

Umstead,C. 2pam. 

U.S. Board Geographic Names. bound 
vol., pam. 

Bureau Construction and Repair. 


vol. 

vol., pam. 

U.S. Bureau Insular Affairs. pam. 


vol. 

U.S. Bureau Steam Eng. pam. 

Civil Service Comm. bound vol., 
vol., pam. 


Commr. Education. bound vol. 


Div. Foreign Markets. pam. 

Geol. Surv. vol. 

Hydrographic Office. pam. 

Naval Academy. pam. 


vol. 

Univ. Mich. 

Univ. Toronto. vol. 

Vt.—State Geol. 

Waltham, Mass.—Water 

Wash.—Bureau Statistics, culture 
and Immigration. bound vol. 

Wash.—State Mine Inspector. vol., 


Va.—State Geol. bound vol., vol., 
sheet. 

Western Ry. Club. nos. 

Western Soc. Engrs. bound vol. 

Weston, Edmund bound vol. 

Wiley, Wm. pam. 

Wyo.—State Geol. pam. 

Yonkers, Y.—Water Commrs. 


pam. 
Unknown. vol. 


PURCHASE. 
Manual Marine Engineering: Comprising the Design, Con- 


struction and Working Marine Machinery. 


Seaton, 


Inst. E., Inst. Fifteenth Edition, thoroughly Revised, 
Enlarged, and Part Re-Written. 
pany, Limited, 1904. 


London, Charles Griffin and Com- 
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Elementary Treatise Hoisting Machinery, Including 
the Elements Crane Construction and Descriptions the 
Various Types Cranes Use. Joseph Horner. Philadel- 
phia, Lippincott Company, London, Crosby Lockwood and 
Son, 1903. 


Traite Practique Metallurgie Generale. Par 
Babu. Paris, Ch. Beranger, 1904. 


Transactions the American Ceramic Society. 
lumbus, 1900. 


Proceedings the United States Naval Institute. Vol. Nos. 


The Encyclopedia Americana. General Dictionary Arts and 
Sciences, Literature, History, Biography, Geography, the 
World. Vol. 9-11. New York, Chicago, The American Company. 


Compendium Drawing. Compiled from the Instruction Papers 
the Mechanical Engineering and Sheet Metal Pattern Drafting 
Courses the American School Correspondence Armour 
Institute Technology. Chicago. 


Facts Fire Prevention. The results Fire Tests Conducted 
the British Fire Prevention Committee. Edited Edwin 
Sachs. 2vol. London, Batsford, 1902. 


SUMMARY ACCESSIONS. 
April 13th May 10th, 1904. 


Donations (including duplicates and numbers 
completing volumes periodicals) 
purchase 
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MEMBERSHIP—ADDITIONS. 


MEMBERSHIP. 


ADDITIONS. 


Watton Chf. Engr., New York Tunnel Co., 
East 126th St., New York 
ALLEN, Land Agt., Tennessee Coal, Iron 
Co., Box 873, Birmingham, Ala....... 
209 Adams St., Room 61, Chicago, Ill........... 
GREENE, Jr. Engr. and Gen. Supt., New 
York Contr. Trucking Co., 506 East 20th St., New 
ARTHUR State Engr., State House, Concord, 
Civ. and Min. 
Engr. (Elliott Baton), 1311 
Bldg., Pittsburg, 
GILLETTE, Powers. Assoc. Editor Engineering 
19th Floor, St. Paul Bldg. (Res., 504 West 151st St.), 
128 Broadway, New York City. 
Henry. 315 Vine St., Leavenworth, Kans... 
Equitable Bldg., Des Moines, 


Storrs, 220 City Hall, 
Henry Vincent. City Hall, Boston, Mass 
Civ. 


and Min. Engr., Evanston, 
Epwin City Surv., Duane St., New York 
City 


Snow, Frank (Snow Barbour, Civ. 
and San, Engrs.), Tremont Bldg., Boston, 
Mass 


1625 North 16th St., Philadelphia, 
Tretrer, Gustav Supt. and Engr., Erecting 
Dept., The Bridge Co,, 


Assoc, 


Umicho Nichome, Tokyo, Japan 


Date 

Membership. 
May 1904 
Feb. 1904 
May 1904 
May 1904 
May 1904 
Sept. 1901 
April 1904 
May 1904 
May 
May 1904 
May 1904 


May 1904 
1904 
May 1904 
April 1904 
Oct. 1891 
1899 
1904 
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Assoc, 
Assoc. 


2001 St., W., Washington, 
Wess, Cons. Engr., 810 Girard 
Trust Bldg., Philadelphia, Pa, 


Engr. Office, Flood Bldg., San Fran- 


ASSOCIATE MEMBERS. 


Bassett, Jay. 9816 Ewing 
Chicago, Assoc. 

Asst, Engr., Mass. State Board 
Health, 140 State House, Boston, Mass 

CLERMONT, JOHN 
167 Second St., Williamsbridge, New York City 

Francis Chf, Engr., Great Northern 
Power Co., Duluth, Minn 

Davis, West 124th St., New York 

GALBREATH, Care, San Carlos Copper Co., San 
José, Tamaulipas, Mexico..... 

Civ. Engr., N., Navy Yard, 
New London, Conn 

Given, ALEXANDER. 


364 Randolph Bldg., Memphis, 


GREENE, Emerson. Asst. Prof. Civ. Eng., Univ. 
Michigan, 415 William St., Ann Arbor, Mich 
Care, International Portland 

Cement Co., Ottawa, Ont., Canada 
Cons. Engr., Elk Bldg., Little Rock, 


Public Bldgs., Office the Superv. Archt., 


U.S. Treasury Dept., Lawrence, Mass 
West, James. Res, Engr., The Bridge 453 
The Rookery, Chicago, 
Scorr. Asst, Civ. Eng., Univ. 
Missouri, Conley Ave., Columbia, 
City Engr., City Hall, Shreveport, La... 
Woops, ANDREW ALFRED, Jr. Engr., Ry., Vicks- 


Gen. Supt. Building Constr., 


[Society 


Date 
Membership. 


Jan. 1900 
May 1904 
May 1892 
May 1904 


May 1902 
April 1904 


Q24 
Feb, 1903 
Feb. 1904 
May 1904 
May 1904 
April 1904 
May 1904 
April 1904 
April 1904 
May 1904 
April 1904 
April 1904 
May 1904 
April 1904 
May 1903 
May 1904 
May 1904 
April 1904 
May 1904 
May 1904 


MEMBERSHIP—ADDITIONS—CHANGES ADDRESS. 225 


JUNIORS, 
GREENLAW, WELLER, 231 West 125th New York 
166 Summer Grand Rapids, 


CHANGES ADDRESS. 


MEMBERS, 


Res. Engr. (Boller Hodge), Dept., Re- 
inforcement and Repairs, Brooklyn 


Rodney St., Wilmington, Del. 
way, New York City. 

3838 McGee St., Kansas City, Mo. 

York City. 

CHAMBERS, Frank 402 Ormsby Ave., Louisville, Ky. 

THEODORE.......... Engr., Broadway, New York 
City. 


Ry. Tracklayer Co., 1749 Railway 
Exchange, Chicago, 
CREHORE, Engr., Constr., 116 Nassau St., 


New York City. 
St., New York City. 
GRAHAM, JOSEPH Fourth Vice Pres., Erie Co., 
Cortlandt St., New York City. 
GEORGE BLAGDEN........ Care, Gen. John Gill, Catonsville, Balti- 
more Co., Md. 
JOHN Chf. Engr., System, 800 Fuller- 
ton Bldg., St. Louis, Mo. 
LEFFINGWELL, Divisadero Mine, Divisadero, 
Union, Salvador. 
Cons. Engr., 661 Worcester Bldg., Port- 
land, Ore. 
CHARLES 1007 Adams St., Wilmington, Del. 
West St., New York City. 


ARSDALE......... Bennett Bldg., Wilkesbarre, Pa. 
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Frank ........... Cons. Engr., 1948 Bonsallo Ave., Los 
Angeles, Cal. 
Care, Geological Survey, 1108 Braly 


Bldg., Los Angeles, Cal. 
CHARLES CHEROIS....Engr., W., Frisco System, St. 
Louis, Mo. 


LELAND ............ Summer St., Malden, Mass. 

Kay Care, Hoover Mason, 1407 Railway Ex- 
change, Chicago, 

Stern, EUGENE WASHINGTON........ Cons. Engr., West 38th St., New York 
City. 

WALDO............ Engr., Del. Hudson R., 216 So. 
Center St., Schenectady, 

VERRILL, GEORGE ELLIOT.......... Supt., Engr. Dept., 865 Chapel 


St. (Res., 341 Winthrop Ave.), New 
Haven, Conn. 


CHARLES EDWARD........ Cons. Engr., South Pa. 

Bacon........ With Expanded Metal Eng. Co., 256 
Broadway, New York City. 


ASSOCIATE 


ARCHER, STEVENSON, Greenville, Miss. 

Brown........ Pres., Baker Contract Co., Farmers 
Bank Bldg., Pittsburg, Pa. 

New York City. 

Care, Semet-Solvay Co., Milwaukee, Wis. 

Henry JAMES..... Colombia. 

Fox, WALTER West 48th St., New York 


Asst. Engr. Bureau Highways, Bronx 


(Res., 2774 Briggs Ave., Bedford Park), 
New York City. 


Gross, DANIEL Queens Run Fire Brick Co., Lock Haven, 
Pa. 

E........ East 9th St., Kansas City, Mo. 

Macy, ELBERT Prin. Asst. Ry., St. Paul, 
Minn, 

Morrison, Engr., Bridge and Dept., 
Penn. Steel Co., Steelton, Pa. 

WILLIAM SMITH.......... 1515 Franklin St., Wilmington, Del. 

CLARENCE ... West 37th St., New York City. 

Parsons, ARCHIBALD Engr., N., Cavite, Philippine 
Islands. 

Paterson, ......... Asst. Engr., Geological Survey> 


Cody, Wyo. 
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THEODORE CLIFFORD ..... Civ. and Hydr. Engr., Care, Edw. 


Cole, 220 Broadway, New York City. 


Office Engr., North River Div., Penn., 


N.Y. L.I. Co., West 34th 
St., New York City. 


JAMES WILLIAM............ Junior Engr., Engr. Depot, Foot 
Arsenal St., St. Louis, Mo. 

ALBERT ......... St. L., Brownsville Mex. Ry., Corpus 
Christi, Tex. 

Miami, Fla. 

CHARLES PaGE........... Ft. Michie, via New London, Conn. 


.513 Nasby Bldg., Toledo, Ohio. 


ASSOCIATES. 


JUNIORS. 


Ry., Cleveland, Ohio. 


GOMER............ Care, Geological Survey, St. An- 


thony, Idaho. 
OLIVER CROMWELL, Jr....Box 163, Mingo Junction, Ohio. 


GUILLERMO GUSTAVO....... Trinidad, Provincia Santa Clara, Cuba. 

Harris, Henry ALEXANDER......... New Hope, Pa. 

ELMER Aspinwall, Pa. 

Civ. Engr., Wells Bros, Co. New York, 
400 Oak St., Syracuse, 

HENRY............... Care, Prairie Oil Gas Co., Neodesha, 
Kans. 

317 Walnut Ave., Roxbury, Mass. 

ARTHUR Care, Engr. Office, Miami, Fla 

Asst. Engr., Penn. Co., Box 331, Wells- 
ville, 

James WoLFE............. Abingdon, 


Howarp FLANDERS ...800 Brighton Ave., Kansas City, Mo. 
Howarp .... Asst. Engr., Bureau Pitts 


burg, Pa. 
WENIGE, ARTHUR .Care, Bureau Sewers, Room 44, Muni- 
cipal Dept. Bldg., Brooklyn, 
Rome, Ga. 


WRIGHT......... 361 Ocean Ave., Brooklyn, 


i 
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DEATHS. 


AINSLEE, JAMES Elected Fellow, May 28th, 1872; died 
September 13th, 1902. 

Danrorta Member, March 3d, 1886; died 
April 24th, 1904. 

Elected Member, July Ist, 1885; died 
April 18, 

Storrow, STORER Elected Honorary Member, January 24th, 
died April 30th, 1904. 
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MONTHLY LIST RECENT ENGINEERING ARTICLES 
INTEREST. 


(April 14th May 10th, 1904.) 

list published for the purpose placing before the members 
the Society the titles current engineering articles, which can referred 
any available engineering library, can procured addressing 
the publication directly, the address and price being given wherever 


possible. 


LIST PUBLICATIONS. 
the subjoined list articles references are given the number pre- 


(1) Journal, Eng. Soc., 257 South 
Fourth Pa., 30c. 

Proceedings, Engrs. Club Phila., 
1122 Girard St., Philadelphia, Pa. 

(3) Journal, Franklin Philadel- 
Pa., 

(4) Journal, Western Soc. Engrs., Mo- 
nadnock Block, Chicago, 

(5) Transactions, Can. Soc. E., Mon- 
treal, Que., Canada. 

(6) School Mines Quarterly, Columbia 
Univ., New York City, 50c. 

(7) Technology Quarterly, Mass. Inst. 
Tech., Boston, Mass., 75c. 

(8) Stevens Institute Indicator, Stevens 
Inst., Hoboken, J., 

(9) Engineering Magazine, New York 
City, 

(10) Magazine, New York City, 
oc 


(11) Engineering (London), Wiley, 
New York City, 25c. 

(12) The International 
News Co., New York City, 35c. 

(13) News, New York City, 


(14) The Engineering Record, New York 
City, 12c. 
(15) Gazette, New York City, 


(16) and Mining Journal, 
New York City, 15c. 

(17) Street Railway Journal, New York 
City, 35c. 

(18) Railway and Engineering Review, 
Chicago, 

(19) Scientific American Supplement, New 
York City, 

(20) Iron Age, New York City, 10c. 

(a1) Railway Engineer, London, Eng- 
land, 

(a2) Iron and Coal Trades Review, Lon- 
don, England, 25c. 

(23) Bulletin, American Iron and Steel 
Assoc., Philadelphia, Pa. 

(24) American Gas Light Journal, New 
York City, 

Engineer, New York City, 
20c. 


(26) Electrical Review, London, England. 

(a7) Electrical World and Engineer, New 
York City, 10c. 

(28) Journal, New Water-Works 
Assoc., Boston, $1. 

(29) Journal, Society Arts, London, 
England, 15c. 

(30) Annales des Travaux Publics 
Belgique, Brussels, Belgium. 

(31) Annales del’ Assoc. des Ing. Sortis 
des Ecole Spéciales Gand, Brus- 
sels, Belgium. 

(32) Mémoires Compte Rendu des Tra- 
Soc. Ing. Civ. France, 
Paris, France. 


(33) Génie Paris, France. 

(34) Portefeuille des Ma- 
chines, Paris, France. 

(35) Nouvelles Annales Construc- 
tion, Paris, France. 

(36) Revue Technique, Paris, France, 

(37) Revue Mécanique, Paris, 

(38) Revue Générale des Chemins Fer 
des Tramways, Paris, France. 

(39) Master Mechanic, Chicago, 


(40), Railway Age, Chicago, 10c. 

(41) Modern ,Chicago, Iil., 

(42) Transactions, Elec. Engrs., 
New York City, 50c. 

(43) Annales des Ponts Chaussées, 
Paris, France. 

(44) Journal, Military Service Institu- 
tion, Governor’s Island, New York 
Harbor, 50c. 

(48) and Minerals, Scranton, Pa., 

(46) Scientific American, New York City, 


8e. 

(47) Mechanical 
England. 

(54) Transactions, Am. Soc. E., New 
York City, $5. 

(55) Transactions, Am. Soc. E., New 
York City, $10. 

(56) Transactions, Am. Inst. Min. 
New York City, $5. 

(57) Colliery Guardian, London, England. 

(58) Proceedings, Eng. Soc. Pa., 410 
Penn Ave., Pittsburg, Pa., 50c. 

(59) Transactions, Mining Inst. Scot- 
London and Newcastle-upon- 

yne. 

(60) Municipal Engineering, Indianap- 
olis, Ind., 25c. 

(61) Proceedings, Western Railway Ciub, 

225 Dearborn St., Chicago, 

(62) American Manufacturer and Iron 
World, Pittsburg, Pa. 

(63) Minutes Proceedings, Inst. E., 
London, England. 

(64) Power, New York City, 

(65) Official Proceedings, New York Rail- 
road Club, Brooklyn, Y., 15¢. 

(66) Journal Gas Lighting, London, 
England, 15c. 

(67) Cement and Engineering News, Chi- 
cago, 

(68) Mining Journal, London, England. 

(69) Mill Owners, New York City, 10c. 

(70) Review, New York City, 


(71) Journal, Iron and Steel Inst., London, 

(73) Electrician, London, England, 

(74) Transactions, Inst. Min. and 
Metal., London, England. 

(75) Proceedings, Inst. Mech. Engrs. 
London, England. 
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LIST ARTICLES. 
Bridge. 


tice New South Wales.* Henry Harvey Dare, Assoc. Inst. 

(63) Vol. 155. 

The Value Inspection Metal Bridges During Construction and Erection. Walter 
Golden. (Paper read before the Engineers’ Soc. Western New York.) (1) 
Mar. 

Construction Scherzer Double-Roller Lift Bridge Middle Seneca Street, Cleve- 
land, Ohio.* William Carter. (Paper read before the Civ. Engineers’ Club 
Cleveland.) (1) Mar. 

Some Points Bridge Design: Effect Trusses and Plate Girders Due Imperfect 
Roller-Support.* Geo. Linday. (4) Apr. 

The Elizabeth Bridge, Budapest.* (12) Serial beginning Apr. 15. 

Long-Span Double-Track Plate-Girder Bridge.* (14) Apr. 16. 

The Erection the Clairton Bridge.* Apr. 16. 

The Design Concrete Steel Arches. McCaustland. (Paper read before the Amer. 
Assoc. for the Advancement Science.) (13) Apr. 21. 

Erecting Bridge Spans Sliding Them Forward from the Shore.* (13) 

Highway Bridges the Croton Valley.* (14) Apr. 23. 

Replacing Lattice-Girder Bridge with Plate Girders.* (14) Apr. 23. 

Concrete Railway Bridges.* (46) Apr. 23. 

New Counterbalanced Swing Bridge, C., St. Ry.* (18) Apr. 

Masonry for the Blackwell’s Island Bridge.* (15) 29. 

The Fraser River Bridge, British Columbia.* (14) Serial beginning Apr. 30. 

The Harway Avenue Bascule Bridge, New York City.* (14) Apr. 30. 

Interlocking Steel Sheet Piles for Bridge Pier Cofferdams.* (14) Apr. 30. 

65-ft. Truss Bridge Span Reinforced Concrete.* (13) 


Large Plate Girder Bridge the Erie.* (15) May 

Tracé Géométrique des Paraboles Cubiques Ses Applications aux Lignes 
fluence dans les Poutres Continues.* Farid Boulad. (43) Trimestre, 1903. 

Note sur Approximation des Formules Flexion des Arcs.* Mesnager. (43) 
Trimestre, 1903. 

Essai Outrance Pont (43) Trimestre, 1903. 

Notice sur Pont Béton Armé, Systéme Hennebique, Construit sur 
Soissons.* Riboud. Trimestre, 1903. 

Note sur Construction Viadue des Fades (Ligne Pauniat).* 
Virard. (43) Trimestre, 1903. 

Bascule, Systéme Scherzer: Pont Barking (Angleterre).* (33) 
«. 

Electrical. 


Line Effects Long-Distance Transmission Power Electricity. Henry James 
Shedlock Heather, Inst. (63) Vol. 155. 

Better Electric Insulation. Farrington. (69) Mar. 

Gas Power for Central Stations. (42) Mar. 

The Conductivity the Atmosphere High Voltages.* Ryan. (42) Mar. 

European Practice the Construction and Operation High-Pressure Transmission 
Lines and Insulators.* Guido Semenza. (42) Mar. 

Notes Fly-Wheels (for reciprocating engines direct connected alternators). 
Barnes, Jr. (42) Mar. 

Distorted Alternating and Rotating Magnetic Fields. Goldschmidt. (26) Serial 
beginning Apr. 

The New Electricity Works and Tramways West Ham.* (26) Apr. 

The Adaptability Electrical Driving. Longbottom. (Abstract paper read 
before the Manchester Assoc. Engrs.) (73) Apr. (47) Apr. 16. 

Singie-Phase Motors.* (73) Serial 


Notes Impedance Coils.* Faraday Proctor. (Abstract Paper read before 
the Inst. (73) Apr. 


Small Dynamos.* Burleigh. (26) Apr. 

Electric Conduit Construction Memphis, Tenn.* F.G. Proutt. (13) Apr. 14. 

Aston Manor Electricity Works.* (26) Apr. 15. 

Small Gas Engines Electric Motors. Kensit. (26) Apr. 15. 

150-Horse-Power Electric-Light Engines fo: the Royal Navy.* (11) Apr. 15. 

Eddy Currents Cable Sheaths. (Paper read before the Inst. (73) 
Serial beginning Apr. 15. 

Localisation Faults Low-Tension Networks. Groves. (Abstract Paper 
read before the Inst. E.) (73) Apr. 15; (26) Serial beginning Apr. 


Experiments with New Primary Cell. Geo. Bousfield. (Paper read before the Fara- 
day Soc.) (73) Apr. 15. 


General Diagram for Alternators. Apr. 15. 

Long-Span Transmission Wiley. (27) Apr. 16. 

pr. 16. 


Affairs. 
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Electrical—(Continued). 


Theoretical Determination Power Curves. (27) Apr. 16. 
Continuous-Current Motors for Variable Speed. Franklin Punga. (26) 
pr. <<. 

Sunderland Corporation New Electricity Works.* (26) Apr. 22. 

Dynamo and Motor Testing. (Abstract Paper read before the Civ. and 
Engineers’ Soc.) (26) Serial beginning Apr. 22. 

Theoretical Basis for the Experimental Pre-Determination the Regulation Alter- 
nators. Theo. Torda-Heymann. Apr. 22. 

Methods for Increasing the Transmitter Energy Wireless Telegraph Systems.* Fer- 
dinand Braun. (73) Apr. 22. 

Notes the Design Electrical Machinery. Louis Hunt, Assoc. (Paper 


the Liverpool (47) Serial beginning Apr. 23; Abstract (73) 
pr. 29. 


The Atlanta Water Electric Power Plant Morgan Falls.* (14) Apr. 23. 

Tbe New Exchange Berlin.* Emile Guarini. (19) Apr. 23. 

The Ondograph.* (19) Apr. 23. 

Electric Small Manufactories Sant Mortier, France.* Franz Koster. 
(27) Apr. 23. 

The Principles Transformer Design. Thomas Gray. (27) Serial begin- 
ning Apr. 23. 

The Prevention Crosses between Signalling and High Voltage Circuits.* Howard 
(27) Apr. 23. 

New Switch.* Charles Fitch. (27) Apr. 23. 

100-Ton Double Trolley Alternating Current Crane.* Briggs. (27) 

The Electrical Conductivity.* Rymer-Jones. (26) Serial begin- 
ning Apr. 29. 

Steam Turbines.* (From the Western Electrician Chicago.) 
(73) Apr. 29. 

Power Station Design.* C.H. Merz and Wm. McLellan. (Abstract Paper read be- 
fore the Inst. Serial beginning Apr. 29. 

Plant and Electric Railway Owned the State North Dakota.* (17) 

pr. 30. 

Electrolytic Rectifiers for Charging Storage Batteries with Alternating Current. 

Charles Burgess. (Paper read before the Northwestern Elec. Assoc.) (19) 


Apr. 30. 
The Plant the Kansas City Home Telephone Company.* Max Loewenthal. (27) 


pr. 30. 

The Design Induction Motors with Examples from Recent European Practice. 
Hobart. (27) Apr. 30. 

The Braun Tube the Study Alternating Currents. (27) Apr. 80. 

Construction 2-H. Direct-Current Motor.* F.C. Mason. (From Amer. Electri- 
cian.) (47) Apr. 30. 


Test for Induction Motor Windings.* G.H.Garcelon. (From Elec. Club Journal.) 
(47) Apr. 30. 


Tullahoma, Tenn., Water and Light Plant. Granbery Jackson. (60) May. 
Some Electric Furnace Processes.* Wright. (10) 
Practical Applications Electro-Magnets the Modern Machine Shop, Iron and Steel 
Works and Frank Perkins. (41) May. 
Experiments with Three-Phase Electric Arcs.* (46) May 
Alternator for St. Louis.* (17) May 
The Snoqualmie Falls and White River Power Developments.* (27) May 


Convenient and Economical Electrical Method for Determining Mechanical Torque.* 
McAllister. (27) May 


Economy. Davies. (From Elec. Engr.) (24) Serial beginning 


Industriels Longue Course Efforts Variables.* Bérard. (32) 


eb. 

Les Progrés Télégraphie sans Fil.* (33) Apr. 

Puissance des Courants Triphasés.* Maurice Soubrier. (36 

pr. 25. 

Sur les Diagrammes Fonctionnement d’un Alternateur.* Guilbert. (36) 
Serial beginning Apr. 25. 

Telephone sans Fil Moyen des Piles Sélénium.* Alfred Gradenwitz. (36) 
Serial beginning Apr. 25. 

Marine. 


New Japanese Battleship.* (12) Apr. 


Steam Turbine Propulsion for Marine Purposes.* Rateau. (Abstract Paper read 
before the Inst. Naval Archts.) (12) Apr. (11) 


Engineering the Japanese Miyabara. (Paper read before the Japanese Soc. 
Naval Archts.) (11) Apr. 15. 


The Normal Pressures Thin Moving Plates. Johns. (Abstract Paper read 
before the Inst. Naval Archts.) (12) Apr. 15. 


The Problem Screw Propulsion. Arthur Rigg. (12) Serial beginning Apr. 15. 
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Marine—(Continued). 


New Invention for Rendering Vessels Unsinkable.* Herbert Fyfe. (19) Apr. 16. 

Automatic Governing Marine Engines.* Wilson. (Paper read before the 
Northeast Coast Inst. Engrs. and Shipbuilders.) (47) Apr. 16. 

The Transverse Strength Ships.* Bruhn. (Paper read before the Inst. Naval 
Archts.) Apr. 22. 

The Management Belleville Boilers Sea. Baker. (Paper read the 
North-east Coast Inst. Engrs. and Shipbuilders.) (11) Apr. 29. 


Mechanical. 


The Manufacture Welded Pipe.* Victor Beutner. (58) Jan. 

The Laval Steam Turbine.* Charles Garrison. (7) Mar. 

Standard Unit J.C. Bertsch. (69) Mar. 

The Use Pulverized Coal for Fuel under Steam Boilers.* (4) Apr. 

Notes Burning Bituminous Coal. John Hartman. (2) Apr. 

New Steam Turbine Developments.* Apr. 

Mechanical Refrigeration Freight Cars.* Warren Miller. (8) Apr. 

Furnace Charging Cranes.* (22) 

Allen’s High-Speed Triple Expansion Engine.* (22) Apr. 

Few Notes the Steam Turbine. Parsons. (Abstract Paper read before 
the Inst. E.) (73) 

Defects Cast Iron: Their Causes and Remedies. Herbert Field. (Paper read be- 
fore the New England Foundrymen’s Assoc.) (47) Apr. 

The Design Machinery Shafting.* C.F. Blake. (47) Apr. 

Friction Clutches Serial beninning Apr. 

Berg Motor Fluid Generator.* Rudolf Berg. (62) Apr. 14. 

Slot Milling Machine.* (40) Apr. 14. 

The Blaisdell Tandem Gas Apr. 14. 

The Crandall Mechanical Lubricating System.* (40) Apr. 14. 

High Speed Tool Steels. Wm. Lodge. (Abstract Paper read before the National 
Metal Trades Assoc.) Apr. 15. 

12) Apr. 15. 

Liquid Fuel Burners.* Bickford. (11) Serial beginning Apr. 15. 

The Equipment Engine Test-House. Morcom, Assoc. (Paper read 
before the Inst. E.) (12) Apr. 15; (11) Apr. 22; (47) Apr. 23. 

The Mechanical Plant the Minnesota State Capitol.* (14) Apr. 16. 

The Utilisation Furnace Slag.* Sutcliffe. (Abstract Paper before the 


West Scotland Iron and Steel Inst.) (22) (62) Serial beginning May 

Compound Gasolene Engine.* (14) Apr. 16. 

Teeth Gearing.* Samuel Diescher. (62) Apr. 21. 

Bagging Clean Boilers, and the Repulsion Theory. Dixon. (62) Apr. 21. 

Reamer Clearances.* Fred Holz. (20) Apr. 21. 

The Yale Towne Company’s Power Plant.* (20) Apr 21, 

Popular Motor Cars. Mervyn O’Gorman, (29) Apr. 22. 

High-Speed Tool Steel, Manufacture and Uses.* J.M. Gledhill. (Abstract Paper 
read before the Coventry Eng. Soc.) (22) Apr. 22. 

Horse Power Steam Engines. Irving Taylor. (27) Apr. 23. 

New English Aluminium Welding Machine.* Frank Perkins. (46) Apr. 23. 

Chimneys. Chas. Hubbard. (42) Apr. 23. 

The Steam Turbine Exhaust Steam Utilizer. (14) Apr. 23. 

Type-Composing and Distributing Machines.* (12) Apr. 29. 

The Cooling Explosion Motors Automobiles.* Grouvelle and Arquem- 
bourg. (Paper presented Second International Automobile Cong.) (47) Apr. 30. 

Rope Transmission Textile Mills. (14) Apr. 30; (20) May 

Engineering Problems Tanneries.* Apr. 30. 

The Fenimore Sulphite Mill.* (14) Apr. 30. 

The Inclined Elevator Weehawken, New Jersey.* (14) Apr. 30. 

Trials Rock Drills for Air Consumption. Carper, Goffe, and Docharty. 
(68) Serial beginning Apr. 30. 

Boiler Design and Boiler Explosions. R.S. Hale. (9) May. 

Hydraulic Cranes and Wharf Machinery.* George Baxter. (9) May. 

Fuel Economy Steam Plants. John Kershaw. (10) May. 

Power Plant the Yale Towne Manufacturing Company.* (64) May. 

Test the Engines the Rochester Gas and Electric Company.* (64) May. 

New Westinghouse Turbine.* (64) May. 

The Care and Management Leather Belts.* Walter Dixon. (64) May. 

Some Causes and Remedies for Pounding Engines.* W.E.Crane. (64) May. 

Indieator Boyd Brydon. (64) May. 

Setting Vertical Engine. John Nagle. (64) May. 

Multiple Impact Steam Turbine.* Levin. (64) May. 

Lubricating Oils and Their Properties.* Wm. Davis. (64) May. 

Burning Coke Breeze with Underfeed Stokers. Malone. (Paper read before the 
Ohio Gas Light Assoc.) (24) May 

Burning Coke Breeze Hollow Grates. C.H. Williams. (Paper read before the Ohio 
Gas Light Assoc.) (24) May 
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Mechanical—(Continued). 

New Spanish Portland Cement Works.* (13) 

The New Merriman Automatic Bolt Cutter.* (20) 

Modern Methods Handling Iron Ore from Mines Pittsburg Furnaces.* 
Charles Wright, Am. Soc. (13) May 

Rock-Drill Proske. (16) May 

The Brouwer Mechanical Stoker.* (19) May 

The Effect Pressures the Laval Steam (14) May 

Alcohol for Internal Combustion Engines. (14) 

Laying Gas Mains River. Morris. Paper read before the 
Mich. Gas. Assoc.) (14) May 

Deux Nouveaux pour Mesure des Déformations Elastiques.* Mesnager. 
(43) Trimestre, 1903. 

Train Automobile Colonel Renard.* (43) Trimestre, 1903. 

Pompe Centrifuge Haute Pression: Sosnowski. (32) Feb. 

Etude sur Moulage Mécanique.* Avaurieu. (37 Serial beginning May 31. 

Construction des Hélices Transporteuses.* (34) 

Thibeault. (33) Serial beginning Apr. 

Puissance Absorbée pour Pergage des 23. 

Cylindres Etireurs Lisses Cylindres Pression Garnis Drap Cuir, 
Commandés Pignons Fous sur les Axes Ces Cylindres Pression, Ter 
Weele.* (36) Apr. 25. 

Etude sur Motocyclette.* Graffigny. (36) Serial beginning Apr. 25. 

Etude sur les Embrayages ilisme sur les Nouveaux Ex- 
posés Salon 1903. André. (36) Serial beginning Apr. 25. 


Metallurgical. 


The Applications Electricity Metallurgy. Joseph Richards. (7) Mar. 

Stock Distribution Its Relation the Life Blast Furnace Lining.* David 
Baker. (22) 

Fan Power for the West. (Paper read before the Pittsburg Foundry- 
men’s Assoc.) (47) 


Apr. 
The the Value the Raw Material Pig Iron Making. Gaines. (40) 


Filter Western Australia.* W.A.Prichard. (16) Apr. 14. 

The Relation Microstructure the Rate Cooling.* W.Campbell. (Lecture the 
Phil. Foundrymen’s Assoc.) (20) Apr. 21. 

Magnetic Ore Dressing the Wetherill System.* Heinrich Ostwald. Berg- 
und Zeitung.) (68) Serial beginning Apr. 23. 

Slime Treatment the Joplin Region.* (16) Apr. 28. 

Zine the Blast Furnace. John Porter. 28. 

The Hendryx Cyanide Process.* Fassett. 

Furnace Top Explosions. Frank Roberts. (20) May 

Nitrogen Iron and Steel.* Ernst (20) May 

Electrolytic Iron. Burgess and Carl Hambuechen. (19) May 

des Aciers Carbone des Aciers Spéciaux.* Léon Guillet. (32) 


Caleul des Lits Fusion des Hauts Fourneaux par Méthode Platz. (33) Apr. 
Military. 

High-Velocity 6-inch Wire-Wound Gun for the United States Army.* (46) May 
Mining. 


Electric Installation the Noel-Sart-Culpart Collieries, Belgium.* (22) Apr. 

Sinking Shaft 4,662 Feet (22) Apr. 

Winding Engines.* Maurice Georgi. (Paper read before the Inst. (47) 

The Fan.* (16) Apr. 14. 

Explosions Air Compressors. Goffe. (Paper read before the Mech. Engineers’ 
Assoc. the Witwatersrand.) (47) Apr. 16; Abstract (16) Apr. 28; (22) Apr. 22. 

Electric Winding Engines. (22) Apr. 15. 

Electric Power Applied Main Shafts.* Mountain. (Abstract 
Paper read before the Inst. Min. Engrs.) (68) Apr. 16. 


The Development the Electric Mining Locomotive.* Frank Perkins. (19) Serial 
beginning Apr. 


Mine Haulage Systems. T.G. Altman. (45) May 

Coals and Coal-Mining Methods the Pocahontas Geo. Fowler. (9) May. 

Water Hoisting instead Pumping.* Norris. (10) May. 

The Ernest Plant the Jefferson Clearfield Co., Ernest, Indiana 

Gases Metalliferous Mines. Harry Lee. (45) May. 
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Mining—(Continued). 

Whipple Colliery.* (45) May. 

The Auchincloss Colliery.* (16) May 

Excavations the Witwatersrand Mines.* Lane Carter. (16) 

Miscellaneous. 


the Distribution Mean and Extreme Annual Rainfall over the British Isles. 
Hugh Robert Mill. (63) Vol. 155. 

The Engineering Characteristics St. Louis, U.S. A.* (12) Serial beginning Apr. 22. 

The Yerkes Observatory.* (11) Serial beginning Apr. 


Edwards. (Paper read before the Royal (68) 
pr. 


The Building World’s Fair.* (14) May 
Municipal. 


Automobile Fire Engines.* Emile Guarini. (19) Apr. 16. 
Specifications for Asphalt Pavements. (60) May. 


Railroad. 


Copper Locomotive-Boiler Tubes. Francis William Webb. (63) Vol. 155. 
The Lackawanna and Wyoming Valley Railroad.* George Francis. (Paper read 
before the Boston Soc. Civ. Engrs.) (1) Mar. 
Steel Car Construction. (61) Mar. 15. 
Eight-Coupled Tank Locomotive for New South Wales.* (11) Apr. 
Concrete Roof for Locomotive Roundhouse, Long Island R.* (13) 
pr. 14. 


Practice Re-Establishing and Monumenting Railway Center Line. Albert Frye, 
Am. (13) Apr. 14. 


Tank Engines with Three Cylinders, Berlin Metropolitan Railway.* (12) 


pr. 15. 
Oblique Type Crank Axles.* (12) Apr. 15. 
Smoke-Box Action. Weatherburn. (12) Apr. 15. 
The Fairview Yard, Northern Central and (15) Apr. 15. 
Developments Heavy Electric Traction. (15) Apr. 15. 
The Schenectady Improvements the New York Central.* (15) Apr. 15. 
Eight-Coupled Freight Locomotive: Lancashire Yorkshire. (15) Apr. 15. 
Locomotive Injector Troubles and Repairs.* Fred. Colvin. (47) Apr. 16. 
New Shops the Terminal Railroad Association St. Louis.* (18) Apr. 16. 
Michigan Central Pacific Type Locomotive.* (18) Apr. 16. 
The Southern Missouri Railway.* Charles (14) Apr. 16. 
Experience with Skylight Construction for Railway Train Sheds. (13) Apr. 21. 
Lancashire and Yorkshire Railway: Bolton New Station.* (26) 22. 
Electric Interlocking the New Central Station Antwerp.* Weissenbruch. (40) 
Serial beginning Apr. 22. 
Petrol Electric Coach the R.* (12) Apr. 22; (11) Apr. 22. 
All-Electric Interlocking Park Junction.* (15) Apr. 22. 
Westinghouse No. Railway Motor.* (17) Apr. 
New tem Current Collecting for Heavy Electric Traction Lines.* Henri 
Somach. (17) Apr. 23. 
Driving Test Pile for the Hudson River Tunnel.* (46) Apr. 23. 
Track Construction with Steel Longitudinals.* (13) Apr. 28. 
Momentum Grades: Some Comments Their Literature and Their Probable Future 
Use. W.D. Taylor, Am. (13) Apr. 28. 
The Hottman Water Tube Locomotive Boiler.* (20) Apr. 28. 
New Rolling Stock for the Rhodesia Railways.* (12) Apr. 29. 
New York Central Four-Cylinder Balanced Compound.* (40) Apr. 29. 
Pacific Type (4-6-2) Locomotive for the Michigan (15) Apr. 29. 
Electric Auto Cars—North Eastern Railway. (15) Apr. 29. 
The Los Angeles Redondo Railway.* (17) Apr. 30. 
German High-Speed Locomotive.* (46) Apr. 30. 
Side-Door Steel Suburban Cars for the Central Railroad.* (17) Apr. 30. 
Coaling Station the Terminal Railroad Association St. Louis.* (18) 
pr. 30. 
Interesting Design Locomotive Boiler. (39) May. 
Driving Wheel Drop Railway.* (39) May. 
New Type Canvas Diaphragm.* (39) May. 
The Manufacture Hydraulically Forged and Rolled Solid Steel Railway Wheels. 
Henrik von Loss, Am. Soc. (3) 
Special Machine Tools for Locomotive Shops.* Joseph Horner. (10) May. 
ole’s 4-Cylinder Balanced Compound Locomotive: New York Central Hudson River 
Railroad: 4-4-2 Type.* 


(25) May. 
The Largest Locomotive for Mallet-Compound Locomotive: Baltimore 
Ohio R.* (25) 


Some Details Very Locomotive: Atchison, Topeka Santa Railway 
2-10-2 (Santa Type). (25) May. 
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Railroad—(Continued). 


Eight-Coupled Switching Locomotive: Chesapeake Ohio Railroad.* (25) May. 

Modern Methods Handling Ore from Minnesota Mines Pittsburg Furnaces.* 

Track Elevation the Pennsylvania Newark, (15) May 

Balanced Compound Locomotive for the New York Central.* (18) 

New Electric Railway Alexandria, Egypt.* May 

The New Mount Vesuvius Electric Railway.* (17) May 

Extension the Schenectady Railway System.* Alton Adams. (17) 

The Key Route Electric Railway Power Piant Oakland, Cal. (14) May 

Trolley Line Mount Vesuvius.* (27) May 

Block Signal System. (17) May 

Locomotive Grande Vitesse North Eastern Railway.* (36) 
May 25. 

Note sur les Wagons-Tombereaux Tonnes Compagnie Midi Construits 
d’Acier par les Forges Douai.* Moffre. (38) Apr. 

Note sur les Nouveaux Ateliers.de Société Constructions Mécaniques 
Denain.* (38) Apr. 

Voitures Automobiles Vapeur pour Voies Ferrées.* Barbier. (33) 
ADpr. ¥. 

Les Chemins Fer Traction Electrique dans Haute-Italie.* (33) Apr. 16. 

Les Récents Wagons Tonnes Constrzits par les Forges Douai.* (36) Apr. 25. 


Railroad, Street. 


The New Electricity Works and Tramways West Ham.* (26) Apr. 


Rebuilding E.-57 Field Coils St. Louis.* (17) Apr. 16. 

Conduit Electric Railway London, England.* (13) Apr. 21. 

City Ashes Adjunct Street Railway Business Brooklyn.* 
Apr. 23. 

New Westinghouse Railway Motor.* (27) Apr. 23. 

Compressing Stations for Storage Air Brakes St. Louis.* (17) Apr. 23. 

The Continuous-Current System and the Single-Phase System for Traction. 
Hobart. (26) Serial Apr. 29. 

Manchester Corporation Tramways. J.M. McElroy. (Abstract Paper read before the 
Inst. E.) (73) Apr. 29. 

Regenerative System Tramcar Control.* (73) Apr. 29. 

The Concrete Sub-Station the Brooklyn Rapid Transit Company.* (17) 
May 

Construction Details Toronto Convertible Car.* (17) May 

Some the Electric Railway Features the World’s Fair, St. Louis.* Winder Elwell 
Goldsborough. (17) May 

Sanitary. 


Piumbing the Smith Manual Training School, Scranton, Pa.* (70) Serial begin 
Apr. 

Radiation Pipe Surface. Walter Jones. (Paper read before the Inst. Heat. and 
Vent. Engrs.) (70) Apr. 

Heating Paper Mills. (70) Apr. 

Extensions Brooklyn Sewerage System: Avenue Trunk Sewer.* (14) Serial be- 
ginning Apr. 16. 

Apr. 21. 

Disposal City Ashes Adjunct Street Railway Business Brooklyn.* (17) 
Apr. 23. 

Sewage Disposal Works and Experiments Andover, Mass.* (14) Apr. 

Notes the Sewerage System Worcester. Massachusetts.* (14) Apr. 23. 

Extensions Brooklyn Sewerage System; Ninety-second Street Trunk Sewer.* (14) 
Serial beginning Apr. 

Progress Construction the New Orleans Drainage System. (14) Apr. 

The Cleaning and Fiushing Sewers. (14) Apr. 30. 

Farington, Eng., Sewage Disposal Works. William Naylor. (60) May. 

Ventilaticn des Ateliers dans Textile.* Paul Razous. 
(33) Serial beginning Apr. 16. 


Structural. 


Tensile Tests Mild Steel; and the Relation Elongation the Size the Test-Bar. 
William Cawthorne Unwin, (63) Vol. 155. 

Analysis Red and Black Paints. Snyder. (58) Jan. 

The Reconstruction Foundations for the Hotel Wollaton, Brookline, Mass.* Dana 
Pratt. before the Boston Soc. Civ. (1) Mar. 

Conflagrations Cities: Topical Discussion. (2) Apr. 

The Cement Age: The Many New Uses and Increasing Demand for Plastic Materials. 
Leslie. (2) Apr. 

Concrete: Its Propertes and Topical Discussion. (2) Apr. 

Reinforced Concrete Building Construction.* Emile Perrot. (2) Apr. 


(17) 


| 
7 
| 


_ 


q 

§ 


CURRENT ENGINEERING LITERATURE. 241 


Structural—(Continued). 
Concrete Roof for Locomotive Roundhouse, Long Island R.* (13) 
pr. 14. 

Some Tests the Weight Crowds. Johnson, Assoc. Am. Soc. 
14, 

Some Building Laws. Gunvald Aus, Am. Soc. (13) Apr. 14. 

The Extension the Imperial Hotel, New York.* (14) Serial beginning Apr. 16. 

Tests Sand-Lime and Sand-Cement Brick and Concrete Building Blocks. Marston. 
Paper read before the Iowa Brick and Tile Manufacturers’ Assoc.) (13) 


A 

The the Tests Ordinarily Applied Portland Cement. Richard Meade. 
(Paper read before the Amer. (13) Apr. 21. 

Loam and Clay Sand for Concrete. Griesenauer. (13) 


the Times Building, New York City.* 
pr. 


Specifications for Cement. (60) May. 

The Building World’s Fair.* (14). May 

Concrete Piles for Building Foundations.* (14) 

Tracé Géométrique des Paraboles Cubiques Ses aux Lignes 
ence dans les Poutres Continues.* Farid Boulad. (43) Trimestre, 

Sur Flexion des Poutres Rectangulaires. Flamant. (43) Trimestre, 1903. 

Phy des Materiaux Construction. Malette. (36) Serial beginning 

pr. 
Water Supply. 


Pumps and Pumping Machinery. (58) Jan. 

Water Main Machine.* (12) Apr. 

The Cylindrical Movable Dams Schw Germany.* (46) Apr. 16. 
eston Aqueduct Pipe Arch over the Sudbury River, Massachusetts.* (14) Apr. 


Development Underground Water Supply for Penzance, England. (14) Apr. 16. 

Earthwork the Washington Filtration Works.* Hardy. (14) Apr. 16. 

Progress Construction Jerome Park Reservoir, New York City.* (14) Apr. 

The Atlanta Water Electric Power Company’s Plant Morgan Falls.* 14) 

Studies Color Water; Metropolitan Water Supply, Massachusetts.* Ernest 
Hopson. (13) Apr. 28. 

Underground Adjacent Surface Streams.* C.G. Hubbel. (13) Apr. 28. 

Purification Potable Water Means Ozone.* Gg. Erlwein. (Paper read before 


the Verein von Gas-und Wasserfachmaennern.) (19) beginning 
Apr. 


Purification Boiler Water.* (45) May. 

The Raising Water Compressed Air. (60) 

Some Examples Electrolysis Pipes.* (60) May 

The Use and Abuse Direct Acting Steam Pumps. W.H. Wakeman. (64) May 


the Croton River Works for New York City’s Water Supply.* 
(14) May 


Appareil pour Jaugeage des Conduites d’Eau Service.* 

Waterways. 

Electric Canal Haulage Devices.* (18) Apr. 16. 

Combination Hydraulic and Dredge the Mexican Government.* (13) Apr. 21. 

Method Computing Daily and ischarge Streams with Sandy, Changeable 

Notes the Flood March, the Lower Susquehanna River.* John Hoyt 
and Robert Anderson. (13) Apr. 28. 

(43) Trimestre, 1903. 


(34) Apr. 
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Concrete Roof for Locomotive Roundhouse, Long Island R.* (13) 
pr. 14. 


Some Tests the Weight Crowds. Johnson, Assoc. Am. Soc. 
(13 pr. 14. 

Some Comments Building Laws. Gunvald Aus, Am. Soc. (13) Apr. 14, 

Extension the Imperial Hotel, New York.* (14) Serial beginning Apr. 16. 
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THE INSTALLATION PNEUMATIC PUMPING 
PLANT. 


PRESENTED SEPTEMBER 7TH, 1904. 


Before proceeding with the description the pumping plant, 
which used case emergency only, the writer deems 
advisable give brief statement the necessity for its installa- 
tion. 

generally known, the City New York receives its water 
supply through the New Croton Aqueduct, which begins the inlet 
gate-house, near the Old Croton Dam, Croton Lake, and, after reach- 
ing Shaft No. 24, the Bronx side Washington Bridge and néar it, 
passes under the Harlem River Shaft No. and thence the ter- 
minal gate-house One Hundred and Thirty-fifth Street, near Am- 
sterdam Avenue. 

Provision has been made for emptying the aqueduct whenever 
necessary. The inlet gates Croton Lake can closed, thus prevent- 
ing water from entering the aqueduct. empty that portion be- 
tween Croton Lake and Washington Bridge, there are blow-off gates 


papers are issued before the date set for presentation and discussion. 
invited from.those who cannot present the meeting, and may 
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Shaft No. Pocantico; Shaft No. 14, Ardsley; Shaft No. 18, 
South Yonkers; and Shaft No. 24, near Washington Bridge. 
There are also blow-off pipes the stretch between Shaft No. and 
the terminal gate-house, that the aqueduct can made empty 
itself, with the exception that portion constituting the Harlem 
River crossing siphon, Fig. Thissiphon is.emptied Shaft No. 
25, the pump-shaft. 

Shaft No. (see Fig. really double shaft, the northerly one 
being the aqueduct-shaft, and the southerly one the pump-shaft. 

The aqueduct-shaft 12.25 ft. diameter, and, point about 
ft. above high water, the aqueduct continues its way the ter- 
minal gate-house. The pump-shaft, also 12.25 ft. diameter, 
completely lined with iron, and contains sump extending 21.75 ft. 
below the bottom the siphon tunnel. opening, ft. in. 
ft.6 in., and ft. below the invert the tunnel, regulated 
gate, admits the water into the pump-shaft. This gate, being 417 ft. 
below the top the shaft, composition metal, moving solid 
composition grooves, and designed that obstructions can ac- 
cumulate the frame. raised square stem, 3.5 3.5 in., 
guided every ft., and contained 3-ft. pipe built the masonry. 
This pipe also contains ladder reaching from the top (Elevation 
84.5) the bottom (Elevation—312.75). plan the connection 
shown the Section through B,” Plate each shaft is. 
under the hydraulic grade, can closed double set man- 
holes with covers. For the purpose blowing off the water, each 
shaft connected with 48-in. cast-iron pipe, with two gates, and 
discharging into the river. 

Over the pump-shaft was erected bucket-hoist, composed two 
alternating buckets, each 1390 gal. capacity. These were raised 
and lowered horizontal steam engine capable emptying each 
the Draughting Bureau the Aqueduct Commissioners, shows the 
volumes water lifted emptying the siphon. With this 
plant, would have taken from hr. accomplish this task, 
provided the engines could have continued the aforesaid rate. 
shutting down the aqueduct would entail serious inconveniences, the 
present water consumption being about 296 000 000 gal. per day, the 
Aqueduct Commissioners deemed necessary install pumping 
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plant which could empty the siphon hr. less, every hour 
gained would material advantage. Accordingly, bids were re- 
ceived for such plant, and the contract was awarded tothe Pneu- 
matic Engineering Company, who proceeded install the Harris Sys- 
tem pneumatic pump. The contract specified that 500 000 gal. 
raised 337 ft. hr., with bonus 000 for every hour less 
than hr., and penalty for each hour longer. 
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This system, briefly described, consists 48-in. Comstock 

compressor, the steam engine, 48-in., being the 

improved horizontal type, with Corliss valves. Free air, being com- 

pressed, passes through coolers, through switch apparatus, down 

pipes into four water tanks working pairs the bottom the 

pump-shaft. auxiliary compressor supplies the necessary air for 

running the plant with the greatest efficiency. (See Plate XXIV.) 
The system described more fully the latter part this paper. 
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The installation was attended with peculiar difficulties. Leaks 
have developed the pump-shaft, since its construction, keeping 
full water the blow-off pipe. Weir measurements taken 
this pipe show leakage about 200 gal. per min. there was 
way emptying the shaft and keeping empty, all work had 
done erecting platform built near the blow-off pipe. 5-in. 
ejector kept the water about ft. below the platform. 

before stated, the shaft below the hydraulic grade. 
gate between the aqueduct-shaft and the were 
opened, and the blow-off gates closed, would necessary put 
the covers the manholes the diaphragms. For this reason, the 
air-pipes leading down the four water tanks (see Plate XXII) could 
not pass through the manhole openings, but had pass through four 
holes bored through the brickwork and iron lining the two dia- 
phragms. seen the drawing, these diaphragms are each about 
ft. thick, with space 6.7 ft. between them. The Rand Drill Com- 
pany’s Davis Calyx drill was used making the four holes, each in. 
diameter, steel shot being used for the cutting surface. Cores, 
from long were taken out, showing the efficiency drills 
this style. 

For the purpose lining these holes, and making them continuous 
between diaphragms 6.75-in. cast-iron pipe, with one end, 
was placed each hole the upper diaphragm, the flange resting 
its upper side. similar pipe was placed each hole the lower 
diaphragm, the flange being bolted the iron lining the underside 
thereof. short length pipe, the same inside diameter and with 
hub each end, connected the two pipes each hole. Perfectly 
tight joints were made with lead. The utmost care had taken 
pouring the lead there was great deal moisture the space be- 
tween the diaphragms. 

While these holes were being drilled, the old bucket-hoist engines 
were taken apart and removed, the buckets having been taken out 
the shaft previously. The old brick foundations also had cut 
away make place for the new ones. The new foundations, both for 
the compressor and the steam engine, are each ft. high, ft. wide 
and 32.5 ft.long. They are composed 1:3:5 concrete mass finished 
with granite coping stone over the entire top. The foundation 


the auxiliary compressor also concrete, with granite coping 
stones. 
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The different parts the system having arrived, the first pair 
tanks was taken into the engine-house and placed proper position 
near the top the shaft Elevation 84.5. The second pair was then 
placed also. These tanks are 17.5 ft. high and have inside diameter 
cage, operated small Otis steam engine, carried 
the men from the top the shaft down blow-off Elevation 
cage could shifted pass through the north south 
opening necessity required. With the four tanks, clearance for 
the elevator cage, 36-in. water main and gate, and the lifting machin- 
ery for the connecting gate between the aqueduct- and pump-shafts, 
there was very little room spare. 

Fig. Plate XXIII, front view the tanks and fittings 
assembled Elevation 84.5, before being taken apart lowered 
the erecting platform. The photograph shows one pair tanks, 
the manner which they are connected, the intake pipe with the 
10-in. check-valves admitting water into the tanks, the 14-in. discharge 
pipes with 10-in. check-valves opening outward, the 5-in. air-pipes, 
and the and hangers for lowering the tanks. The discharge 
pipe passes into each tank within about in. the bottom, cone 
this point guiding the water from the tank into the discharge pipe 
(see Plate Near the top the inlet pipe groove 
which slide along the old bucket-guides the shaft. Grooves 
similar this are the plates connecting the tanks near the bottom, 
and also the plates the back the tanks. The and 
hangers which the wire cables the lowering apparatus are 
attached can seen near the extreme top the photograph. 

top the connecting the discharge pipes the two tanks, 
was placed, which, means elbow, air chamber was 
fastened prevent water ram. pipe, with check-valve, leads 
from this elbow the top the shaft, being used charge the air 
chamber. this point, also, the discharge pipe and the two air-pipes 
were fitted with swivel joints, that, even the tanks did not rest 
perfectly level the bottom, the pipes could carried vertically, 
means these joints, which were perfectly tight. 

The 14-in. discharge pipes are rolled-steel tubes with cast-steel 
flanges. These were shrunk the tubes, and the ends the latter 
were upset. The pipes were delivered this condition, but, the 
upset ends projected from in. beyond the faces the flanges, 
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this part had removed, otherwise tight joints could have been 
made. return the pipes the foundry would have caused the loss 
too much time, therefore lathe was rigged outside the 
engine-room. Sand was strewn over the space used, some iron- 
grating floor-plates from the shaft-house were embedded the sand, 
and several pieces the coping stone the old engine founda- 
tion were placed top the plates. Two 15-in. ft. 
long, with space about in. between them, were laid top 
the stones and fastened firmly steel rods passing down the 
grating plates. The were leveled carefully, and the 14-in. 
pipes, being laid top, were thus also level. The pipes were held 
fast V-shaped clamp each end. chuck holding the cutting 
tool was geared shaft which was revolved being belted 
small vertical steam engine. The tool was fed automatically into the 
flange faced means star wheel which, each revolution 
the chuck, would strike one its prongs against projecting 
board, thus causing the tool cut deeper. This apparatus proved 
very efficient, the faces the flanges were made absolutely 
right angles the axis the pipe, thus ensuring perfectly straight 
column when the lengths were bolted together. There were thirty- 
two pieces faced each end, and the entire work was com- 
pleted days. 

this was being done, men were engaged placing erect- 
ing platform, just below the blow-off. This consisted brackets 
fastened the east and west sides the shafts with bolts let into 
the iron lining. brackets was placed 15-in. which 
was bolted down. Resting upon this beam, and also upon brackets 
fastened the north and south sides the shaft, were placed 12-in. 
timbers, over which 3-in. plank flooring was fastened. drilling 
for stud-bolts was done with pneumatic drill, the air being 
supplied small Rand Drill Company’s compressor top the 
shaft. 

Just before the erecting platform was completed, there occurred 
the only accident during the entire installation. Fortunately, this 
was attended with serious results. order lower the tanks, 
was necessary remove the catch-basin into which the buckets the 
old system discharged. 

The bottom plate shaped like segment circle, with chord 
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ft. in., and rise ft. in., the radius the being 
ft. The weight the plate was about Two 12-in. 
holes had been cut into some years ago. Two workmen were top 
the plate passing chain through one the holes, when slipped 
from its bearings, tipped over, and dropped the bottom, distance 
333 ft. The men were thrown into the water, but, with the exception 
some bruises, were not injured seriously. 

Before lowering the tanks, this plate had recovered. Accord- 
ingly, the writer, with assistant, sounded every foot the bottom 
the shaft with steel tape and lead weight, and was fortunate 
enough locate one the 12-in. holes. chain with hook 
the end was fastened the elevator cable, lowered the bottom, and 
guided from the erecting platform aribbon tape. The hole, located 
previous soundings, was again found, and, after two three trials, 
the plate was hoisted the surface. small corner broken off was 
the only damage the plate sustained. 

soundings indicated some silt the bottom the shaft, 
sixty bags sand were dumped into the shaft, the bottom being thus 
fairly leveled. 

The first pair tanks and fittings, which had been assembled 
Elevation 84.5, was now taken apart, preparatory being lowered 
the erecting platform. The elevator cage was hoisted out the 
shaft, that its cable could used. Each tank was first lowered 
the top the first diaphragm with block and fall. The elevator 
cable was then attached and the tank was lowered the erecting 
platform. The tank was hung with such exactness that passed 
through the manhole without binding, although there was only 
about in. clearance. The and Y’s, and other parts having 
been lowered, the first pair tanks was again assembled, and placed 
the exact position which they would have lowered the 
bottom. 

The first pair tanks being out the way, the hydraulic lower- 
ing apparatus was set the south half the shaft Elevation 
84.5 (see Plate This apparatus consists cylinder with 
plunger having stroke about ft., balanced elevator-valve and 
pressure pump, two A-frames top the upper diaphragm and two 
the erecting platform. the timber bents, 10-in. beams 
were used. Plow-steel wire cables were used, and were fitted with 
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sockets each end. Their breaking strain was tons. 60-ft. 
length cable reached from the lifting the plunger the 
holding above the tanks, the plunger being about ft. from 
the top its stroke. Two cables were used for each pair tanks. 
The plunger was now raised high could go, the tanks thus 
being raised about ft., and the planks and beams which they had 
been resting were removed. The water the hydraulic cylinder 
having been allowed exhaust, the tanks were lowered The 
A-frame the upper diaphragm had been placed position, and the 
sockets the 60-ft. cables rested clamps which were now bolted 
on. These clamps turn rested [-beams top the bents. 
While the whole weight rested these A-frames, the pins, which held 
the sockets the cables the lowering the plunger, were 
removed, the plunger was again raised near the top stroke, and 
the longer A-frames the erecting platform were placed position. 
20-ft. length was added each cable, length 14-in. pipe the 
discharge pipe, length 5-in. pipe each the air-pipes, and 
length pipe each the charging pipes the air chambers. 
Each joint was tested under air pressure 150 were also the 
tanks and valves before lowering, insure perfect tightness all 
joints. The load was now raised slightly, the clamps removed, and 
the tanks lowered ft. The procedure being the same, the tanks 
were lowered another ft., this time, however, the clamps rested 
the the lower A-frames. The three 20-ft. lengths cable 
were now taken out and replaced 60-ft. length, and the cycle 
again started. this manner the first pair tanks was safely lowered 
the bottom the shaft, depth 332 ft. Pipe-guides stays 
were fastened the pipes every ft., the ends the stays sliding 
along the old bucket-guides. The total weight lowered was estimated 
about tons. The elevator cage was now shifted the other side 
the shaft, was also the hydraulic lift, and the second pair 
tanks was lowered the same manner the first. All parts before 
going down were painted both outside and inside with two coats 
paint. 

The top the discharge pipe the second pair tanks was about 
4in. above that the first pair. Short lengths discharge pipe 
added each brought them the same level. this discharge pipe 
was added T-piece. connected the T-pieces, and goose- 
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neck, galvanized-iron pipe was bolted the This pipe dis- 
charged into catch-basin the entrance the blow-off, the bottom 
plate being the same one that fell the bottom the shaft, the sides 
being smaller than those the old one. Cover-plates were bolted 
the top the two T-pieces. The four 5-in. air-pipes were now carried 
Elevation 84.5. Glands, through which these pipes passed, 
were bolted the flanges the iron lining the holes through the 
upper diaphragm, that, the covers the manholes were put on, 
the water could not pass between the air-pipes and the lining the 
holes. When the shaft was built, 4-in. pipe from the bottom the 
lower diaphragm point ft. above the hydraulic grade, served 
air-vent when the manhole covers were on. This pipe had been 
removed, above the upper diaphragm, and the two pipes were 
carried through this 4-in. opening the top. This 4-in pipe was 
afterward replaced. 

Elevation 84.5 the four 5-in. air-pipes were connected with two 
manifolds, and from each the manifolds 8-in. air-pipe led the 
switch. means these manifolds, any two tanks could cut out 
service and the pumping done with the other two. (See elevation 
general.plan, Plate XXIV.) The two pipes from the air 
chambers were connected and led the 8-in. air-pipe from 
the after-coolers the switch. pipe from the same point, 
with pin-valve allow air leak into it, was hung down into the 
shaft, within ft. the bottom, passing through the 4-in. opening 
through the diaphragms. This shows the pumping level and the 
pressure due the head water the shaft. 8-in. pipe carries 
the return air from the switch the compressor the side opposite 
the free-air valve. 

The switch consists plunger, with stroke in., operated 
piston moving cylinder. The air introduced into 
this smaller cylinder valve which depends for its action pis- 
ton small cylinder, which, turn, caused move the action 
in. diameter, with movement in., and consists two thin 
sheets bronze and one sheet steel. pipe conveys the 
return air from point near the top the cylinder the plunger 
one side the disc-valve, and the pipe, which shows the pump- 
ing level and pressure due the head water, leads the other side 
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this valve. This latter pipe, connected with the 8-in. pipe 
from the after-coolers the switch, receives air through pin-valve, 
and also piped gauge the gauge-board, that the pumping 
level and the pressure due the head the water can beseen 
glance. small reservoir this line gives constant supply air. 
The small, return air-pipe also piped gauge, showing the return 
pressures. The difference between the pressure due the head 
the water the shaft, which for the same levels constant, and the 
return pressure (which varying constantly, and drops zero when 
the switch acts), causes the disc-valve move. the operation 
the switch requires air pressure only about per sq. in., 
pipe from the 8-in. compressed-air pipe conveys the air through 
reducing valve the cylinder top the plunger, and the pis- 
ton the small cylinder operated the disc-valve. 


reservoir 
this line also ensures constant pressure. 


This pipe also leads 
dial the gauge-board, showing the pressures required operate 


the switch. The disc-valve moving, due the difference between the 
pressure caused the head the water the shaft and the return 
pressure, allows air enter the small cylinder above it, the piston 
moves, the valve controlled this piston motion allows air enter 
above below the piston the cylinder above the plunger, the 
plunger acts and the air sent alternately from one 8-in. air-pipe into 
the other, one these 8-in. pipes always serving return the air 
through the switch the compressor. (See Plate XXIV.) Provision 
also made for operating the actuating valve hand. 

The auxiliary compressor was set up, the large compressor and 
engine were adjusted, the piping was completed between the auxiliary 
compressor, the large compressor, the switch after-coolers, and the 
receiver, and the plant was ready for operation. Before pumping, all 
joints were tested tightness. 

The action the plant follows: The large compressor first 
started; the exhaust valve being closed, requires about 312 revolutions 
the fly-wheel charge the system, the free air being compressed 
150 lb. per The free-air valve now closed and the switch 
thrown over hand. The compressed air passes from the 
through the two after-coolers, into receiver supplied with safety 
valve, and also through the switch through one the 8-in. pipes, 
through its manifold into the 5-in. air-pipes and into one pair tanks. 
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The air entering this pair tanks forces the water through the dis- 
charge pipes and empties the tanks. soon this occurs, the return 
pressure from the other pair tanks being less than the pressure 
due the head the water the shaft, the actuating valve the 
switch acts, the plunger moves, compressed air enters these tanks, 
while the air from the other pair returning through the switch into 
the compressor used over again, cycle consists 
the number revolutions the fly-wheel necessary for the com- 
pressor empty one pair tanks the point starting empty 
the other pair. The number revolutions per cycle varies for dif- 
ferent plumbing levels, but constant for the same level. there 
are too many revolutions charging the machine, there are too 
many revolutions per cycle, the air follows the water through the dis- 
charge pipes, and thus the system loses the air, necessitating the 
opening the free-air valve the compressor and recharging. After 
the plant has been working, certain amount air lost, and 
order keep the proper number revolutions per cycle the 
auxiliary compressor started, and furnishes the air keep the sys- 
tem working efficiently. 

Before the final test, many trials were run. Indicator diagrams 
the Corliss engine were taken, and adjustments were made. The 
goose-neck discharge pipe was removed, and 20-in. Gem meter 
placed its stead. The cover-plates were taken off the T’s, and 
20-ft. length 14-in. galvanized-iron pipe was added each, that 
air would pass through the meter, but would escape through these 
pipes. (See Plate XXIV.) Many other changes took place before the 
proper number revolutions per cycle for different pumping levels 
was determined. 

The 20-in. Gem meter consists system helicoids formed 
around vertical central hub, revolving cylinder slightly greater 
length, and having diameter just large enough receive it. 
screen the lower end this cylinder serves keep large objects 
from entering the meter. The axle the hub geared the meter 
register, which contains six figures and reads thousands 

was necessary test the accuracy this meter, before using 
it, determine the efficiency the pneumatic pumping plant, 
Watkins, Am. Soc. E., Division Engineer the Aqueduct Com- 
missioners Engineering Department, assisted the writer, 
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test the meter the testing plant the National Meter Company, 
South Brooklyn. 


The test consisted comparison the meter register 


with weir measurements the same volume water. The water 
measured was elevated centrifugal pump operated Nash 
gas engine height which gave head sufficient force the desired 
amount through the meter. The water passed from the pump, through 
screen, into small forebay, thence through the meter into the 
shaped weir chamber. The base the about ft. long and ft. 
wide, and the long side, constituting the main weir chamber, ft. 
long, ft. wide and ft. deep below the level the weir crest. 
Baffle boards, placed the angle the serve break any 
eddies which may form. The water flowing over the weir drops into 
the pump-well, and the cycle again started. Figs. 4and 
were furnished John Norris, Am. Soc. E., Assistant En- 
gineer, National Meter Company, whom the writer takes this oppor- 
tunity thanking for his courtesies during the test.) 

The weir notch cast-iron plates, the plates forming the sides 
the notch being adjustable, that any length weir, ft., 
‘ean obtained. The crest was formed beveling the down-stream 
face angle 45°, truly planed edge in. thick, the 
vertical sides having similar bevel. The distance from the bottom 
the weir chamber the crest ft. 

The apparatus for measuring the head the weir consists two 
12-in. cast-iron pipes set end just outside the catch-basin, one 
containing float for the autographic record, the other the movable 
hook-gauge. 

These pipes are connected pipe from which 2-in. pipe 
leads through the wall the catch-basin, with valve the other 
end. Another pipe runs from this pipe the bottom the 
makes right-angle bend, thence, parallel and about 
in. above the floor, runs into the weir chamber and connects with 
2-in. pipe right angles it, parallel the weir crest, and about 
6.25 ft. from the weir plate. This latter pipe was perforated with 
eighteen holes, each in. diameter. (See Fig. 4.) 

Before starting the test, the relation the hook-gauge and the 
autographic float-gauge the weir crest was determined follows: 
fixed hook-gauge was fastened few inches front the weir, 
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and, spirit level, its point was adjusted exactly the elevation 
the weir crest. (See Fig. 5.) bucket, with hose attached 
the bottom, was hung over this fixed hook-gauge, the other end 
the hose being attached the 2-in. pipe leading the movable 
hook-gauge, and the autographic record. Water was poured into 
the bucket until the surface just covered the point the fixed hook, 
when the water rose the same elevation the two 12-in. cast-iron 
pipes. The zero the movable hook-gauge and the fixed pencil 
the autographic gauge were now adjusted correspond. The auto- 
graphic gauge consists zine float carrying brass rod, which 
pencil attached. Its point presses against paper wrapped around 
wooden cylinder revolving once hour clockwork. 
pencil, attached the frame holding the drum, marks line corre- 
sponding the elevation the weir crest, that the actuul heads 
water flowing over the weir can seen glance. 

These preliminaries being over, the bucket was removed and the 
test begun. The weir opening was measured standard steel rule 
and was 4.2475 ft. Sufficient water from the city main was allowed 
run into the catch-basin, the pump was started, and the water began 
circulate. order that the wind might not affect the test, the 
weir chamber was covered with boards. 


The Francis formula, with Hamilton Smith’s correction, the 
form 


was used calculate the quantity water passing over the weir. 


represents cubic feet water per second; 
represents the length the weir feet; 
represents the head feet. 


The velocity approach was small that did not enter the 
all. The heads scaled from the autographic record 
checked very closely with the hook-gauge record. Table No. 
summary the tests, and taken from the report Major Watkins 
William Hill, Am. Soc. E., then Chief Engineer the 
Aqueduct Commission. 
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Gallons per minute. 
Head, Percentage, 
Feet. 


These tests proved the meter very accurate and consistent 
for different heads, and was Major Watkins the 
standard measure for the pneumatic pumping plant Shaft No. 25. 

was impossible that time shut down the aqueduct. 
that the siphon could actually emptied, was decided pump 
different water levels the The water was first pumped 
out through the blow-off pipe until its surface was about ft. below 
it, when the gate was closed far enough allow only the leakage into 
the shaft pass through, the remaining water running back into the 
shaft. After pumping this level for hour, the gate was opened 


and the water pumped down 125 ft. below the blow-off, when the 
gate was closed down again allow only the leakage run off. 


like manner the plant was tested for levels 175, 225 and 300 ft. below 
the blow-off. 


The average volumes pumped per minute, indicated the Gem 
meter, were follows: 


ft. below the blow-off 290 gal. per min. 


table showing the details these tests has been filed for refer- 
ence the Library the Society. 

had also been agreed run endurance test hr., pump- 
ing about 175 ft. below the blow-off, but, owing the dis- 
mantling several boilers, sufficient steam could not obtained and 
the test was postponed for several weeks. the meantime, the 
machinery was overhauled; revolution counter was placed the 
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auxiliary compressor, and small pump lubricator attached the 
switch-plunger cylinder. small steam pump was also connected 
with the line water pipe leading from the 36-in. pipe the water 
jackets the large and auxiliary compressors and also the after- 
coolers, previous this there was not sufficient water keep the 
air properly cooled. 

conclusion, the writer wishes express his thanks Mr. 
Waldo Smith, Chief Engineer, and Major Watkins, Division 
for their kind interest the preparation this paper. 
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AMERICAN SOCIETY CIVIL ENGINEERS, 


INSTITUTED 1852. 


PAPERS AND DISCUSSIONS. 


This Society not responsible, body, for the facts and opinions advanced any 
its publications. 


SOME NOTES THE CREEPING RAILS. 


PRESENTED SEPTEMBER 7TH, 1904. 


January, 1903, the writer commenced series observations, 
for the Philadelphia and Reading Railway Company, upon the creep- 
ing rails number points the Company’s lines. This work 
was undertaken order that certain questions propounded Dr. 
Dudley, Reporter for America, Ways and Works, Rails for 
Lines with Fast Trains,” for the Fifth International Railway Congress, 
could answered intelligently possible. The writer enabled 
present these data the Society the courtesy Theodore 
Voorhees and William Hunter, Members, Am. Soc. E., with the 
hope that they will prove interest and will elicit discussion 
very interesting subject the railroad engineer. 


OBJECT THE INVESTIGATION. 


Among the questions, the circular letter Dr. Dudley above 
referred to, were ten under the heading Methods for preventing 
creeping, especially double-track lines and steep gradients,” 


papers are issued before the date set for presentation and discussion, 
Correspondence invited from those who cannot present the meeting, and may 
sent mail the Secretary. Discussion, either written, will published 
subsequent number Proceedings, and, when finally closed, the papers, with 
full will published Transactions, 
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and the investigations were made because there were records rail 
-movements from which even ordinary answers could obtained. 
That there longitudinal movement the rails, under certain con- 
ditions, firmly established fact, but how was infiuenced con- 
ditions roadbed, weight rail, grades, traffic, etc., remained 
determined. The results the observations, will shown later, 
are too few establish firmly any laws, but hoped that what has 
been done and here presented will make one link chain which 
ultimately may allow certain definite principles laid down. 
The observations were not undertaken ascertain the best method 
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Orstance. 
Across, ants across 
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preventing the rails, and therefore discussion this 
interesting feature presented. 


order make the measurements carefully possible, two 
stakes, in., and in. long, were driven level with the ground 
about ft. from the nearest rail, where possible, and located 
curve. They were placed approximately the center 


two rails and miss any joints. the top each stake ordinary 
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surveyor’s tack, with depressed center, was driven. transit was 
set over one stake and sighted the other, points the line 
were marked the flange each rail with fine center-punch. 
observations were made double-track lines, and, the tops the 
two outside rails, similar marks were made. 

From these marks the outside rails measurements exactly 
ft. were made the right and left, spanning joint each direction, 
and marked with the same center-punch. These points were placed 
order try and determine whether there was any movement the 
joints due expansion contraction, whether, wher there was 
longitudinal movement, was transmitted through the joints the 
next rail. The division superintendents were requested notify the 
repairmen avoid these joints much possible during the contin- 
uance the observations. safe say that disturbance the 


track took place during the time the observations were being made, 


unless noted the tables. 

card, similar that shown Fig. was prepared for each rail. 
center line was drawn across the card terminating the top ina 
regular-shaped The card was then placed the flange the 
rail, sharp-pointed pencil was placed the center-punch mark and 
the card oriented the observer the transit. The card was then 
placed firmly against the rail, the pencil removed, and point marked 
the card the line given the observer the transit which had 
been previously set one stake and sighted the other. Upon 
returning the office this point was transferred the opposite side 
the center line, its first position indicated reverse move- 
ment the rail. 

the cards prepared for the outside rails, the distances across the 
joints were recorded, marked when measured the left, and 
when measured the right. Temperature observations were 
also made and recorded, the thermometer having been exposed the 
direct rays the sun while the observations were being made. The 
length time consumed making the observations approximated 
about min., depending upon the difficulty finding the punch 
marks obscured grease, dust, dirt, snow, ice, etc., the rail. 


work required the services two men, one with the transit and 


the other handling the cards the rails. 
This method was decided upon after some discussion, and adopted 
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because seemed eliminate errors making the notes, and the 
same time showed the cards the actual movements, without the 
necessity measuring small distances, with the probabilities errors 
reading. 

most cases the observations were made intervals about two 
weeks with the exceptions noted the records. the Atlantic City 
Railroad, the intervals were month apart, account the extremely 
slow movement the rails. 

The center-punch marks the tops the rails some the 
branches had constantly remarked, especially where there was 
heavy traffic and heavy grades combined, the Frackville Branch, 
and the Mahanoy and Shamokin Branch. Several observations were 
lost this manner. 


DESCRIPTION THE SELECTED. 


The plan for making the observations contemplated the following 
outline, with special reference grades and 


1.—Lines having the greatest high speed, light tonnage and light- 
est grades; 

2.—Lines having high speed, heavy tonnage and light grades; 

3.—Lines having average speed, average tonnage and moderate 
grades; 


4.—Lines having slow speed, heavy traffic and heavy grades. 


most cases inquiry was made before the points were selected, 
ascertain where creeping had been noticed, with general purpose 
selecting the points that they would fulfill most the requirements. 

The following are detailed, and concise descriptions the features 
interest the branch roads which the points were selected. 

City Railroad.—This road double-track line, extending 
from Kaigns Point, Camden, J., Atlantic City, J., and carries 
moderate traffic, compared with the other lines considered, but most 
the passenger carried high express speeds, the schedule 
the so-called 60-min. trains being min. from Camden Atlantic 
City, distance 55.5 The freight business not heavy. The 
alignment throughout very good, and the grades, with one excep- 
tion, between Clementon and Albion, very light. 

the points marked Clementon and Albion both tracks are laid 
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with rails the section the American Society 
Civil Engineers, and have stone ballast. 

Pleasantville and Farmington the south-bound track was laid 
with rails and stone ballast and the north-bound track with 
80-lb. rails and cinder ballast. Pleasantville the point 
embankment over the salt marsh the Atlantic City meadows. 

The point Clementon sump between two the heaviest 
the line. Albion the point was selected being the 
bottom the heaviest single grade. 

account the high-speed traffic, the physical condition the 
road very good. 

New York Branch.—This branch double- and some cases 
three- track line extending from Wayne Junction, Philadelphia, 
Bound Brook, J., distance 54.9 miles. very heavy traffic 
carried, the passenger business being carried high speeds. There 
are eight passenger trains daily each direction, making the trip 
from Wayne Junction Bound Brook min., while five other 
trains each way daily make the same run min. The line 
equipped throughout with rails and stone ballast. The max- 
imum grade 0.7 per cent. 

Bethayres the point located the foot 0.7% grade which 
about 000 ft. long from the west. There level stretch 
about 000 ft. and then grade about 000 ft. long, the 
east. The point embankment over low swampy ground. 

Philmont the top the grade referred Bethayres, 
and good dry cut. 

Neshaminy the foot another grade which runs 
out level. point where the maximum speed attained 
express trains. embankment but hard substratum. 

Hopewell cut rather soft substratum, and approached 
from the west level tangent about ft. long, and from the 
east the foot 0.7% grade about 000 ft. long. 

Bethlehem Branch.—This branch leaves the New York Branch 
Jenkintown and extends Bethlehem, Pa., distance 46.0 miles. 
double-tracked throughout. .The grades are heavier than the 
New York line, the maximum being 1.13 per cent. The not 

heavy nor the speed fast either the lines already men- 
tioned. general thing, also, the weight the rail Rail 
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creeping was reported have been noticed near number the 
points selected. 
Quakertown level stretch track slightly beyond the foot 
0.38% grade. The south-bound rail 90-lb. and the north- 
bound 80-lb. The ballast furnace slag. 

North Wales 30-min. curve near the summit long 1.13% 
grade. The track laid with 80-lb. rails, and 
the ballast furnace slag. 

ft. long. The rails are 80-lb., and the ballast furnace slag. 

Oreland near the foot 0.8% 000 ft. long. The 
rails and ballast are the.same Gwynedd. 

Branch.—This branch extends from the top the inclined 
plane Frackville, Pa., point near Pottsville, Pa., and 
very heavy south-bound traffic loaded coal cars down grade 
for distance 3.8 miles. The north-bound traffic practically all 
empty coal cars. Nearly all the coal from the Shamokin Coal Fields, 
tidewater Philadelphia, brought over the Mahanoy and Sham- 
okin Branch Mahanoy Plane. There pulled inclined 
plane with stationary engines Frackville, whence passes down 
the other side the mountain, described. 

The head the grade the top the mountain, not far from 
the summit, and Broad Mountain the foot the grade. 

The rails are 90-lb. both tracks, and the ballast engine 
cinders. there absolutely fast traffic, and only few passen- 
ger trains each way daily, the condition the roadbed not kept 
the same standard the other branches already mentioned. 
The line formerly was laid with rails, the 90-lb. rails being put 
down only recently. Intermediate angle splices were put the 
rails points the south-bound track where the creeping was 
greatest, but, the time the observations were made, they had not 

been put the 90-lb. rails the points observation. They are 
now on. These are fastened the rails with old splice-bars with two 
bolts, and spiked the ties through the slots. 

Mahanoy and Shamokin Branch.—This part the Shamokin Divi- 
sion, the points selected being the south side Locust Mountain, 
the heaviest grades the line. This the main line from 
Tamaqua Shamokin, Pa. The grade 2.5% and the traffic heavy, 
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but moderate speeds account the grades. The heaviest traffic, 
which made largely the coal from the Shamokin District, 
the south-bound track. the south-bound track, 90-lb. rails 
are used, and 80-lb. the north-bound. The ballast engine 
cinders. 

Locust Summit the top the grade, and cut which 
rather wet. Locust Dale Junction the foot the same grade. 

The wear the rail very marked the south-bound track, 
account the heavy braking required loaded trains. This braking 
very hard the brake-shoes and tires the engines, shown 
the pieces steel removed from the engine tires, and found along 
the track. Photographs some these are shown Plate 
Similar pieces are found the south-bound track the Frackville 
Branch. 
THE OBSERVATIONS. 


The results the observations are shown Tables Nos. to4, and 
Plates XXVIto XXIX, which are given all the conditions the 
location and traffic, well the rail movements. The alignment, 
the roadbed, manner which the joints are spiked the 
ties, cut fill, traffic, detailed location the points selected, with 
reference the joints and the grades, are given order aid 
intelligent study. 


ABSTRACT FROM Camp’s NoTES TRACK.” 


Probably the best general discussion the subject creeping rails 
and the writer has taken the liberty extracting from 
few notes the general principles. These are given with the object 
presenting concisely the best known data the subject, that 
the results here obtained may better understood. 

There are two longitudinal movements rails: 

1.—A molecular movement expansion and contraction, and 

2.—A progressive shifting the rails bodily, known creeping. 

now generally conceded that the principal cause creeping 
the wave motion the rails set moving trains. 

each rail, under this wave motion, not made hold fast 
the ties and the ground, will remain shoved ahead, very small 
amount, each passage train. 
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were possible tighten the splices hold against creep- 


ing, they would too tight allow the rails expand easily, and 
much evil would result. 


Three important facts should noted: 


1.—The creeping most rapid during hot weather; 
greater double- than single- track; and 
3.—It moves with the trains. 


Rails usually creep most embankments, especially those 
newly made, and little least solid, hard ground, not raised above 
the surrounding level. Track laid swampy boggy land creeps 
worst all. 

The manner which rails will creep, and the amount, depends on: 

1.—The character the ground foundation for the track; 

2.—The direction which the train loads are heavier; 

3.—The proportion the weight distributed the two rails; 

4.—The speed the trains; and 

5.—The manner which the ties are spiked. 


SEEMS SHOWN THE OBSERVATIONS. 


very brief summary what seems shown the observa- 
tions follows: 


1.—At different points determine which rail moved the most, 
the right the left, the following was found: 

points there was practical difference. 

points the right rail moved most. 

points the left rail moved most. The right crank leads all 
engines. 

2.—In cases out the greatest creeping shown descend- 
ing gradients; the remaining there practically difference. 

3.—Decidedly more creeping shown where the roadbed carried 
embankment over swampy ground, than other places. 

creeping generally shown imperfectly maintained 
track, than where kept first-class condition. 

5.—As far observations went, was shown that there was 
less movement than was expected from the reports the repairmen, 
although, some cases, the points were not the exact locations 
the worst reported creeping. 
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One the most interesting points the series that Beth- 
ayres, the New York Branch. time the points were located 
new rails had just been laid, cold weather, and had been impos- 
sible space the ties spike all the joints The result 
was considerable amount motion. Between March 17th and April 
2d, the west-bound track was fixed, the ties respaced and all the 
spikes driven the joints. spite this, the movement continued, 
and was probably due the disturbance the roadbed. The Phila- 
delphia, Newtown and New York Railroad crosses this branch short 
distance east this point with grade crossing, and when the east- 
bound track was fixed up, about May 2d, the rails were disturbed be- 
tween the point observation and the crossing, but the motion 
continued ‘afterward. The excessive motion probably due the 
fact that this point the track not rigid, longitudinally, 
other points, account the crossing frogs the Newtown crossing 
and, also, chiefly account the swampy ground under the em- 
bankment. 

The next most serious movement seems Pleasantville, 
the Atlantic City Railroad, over the salt marsh, where the movement 
has been continuous and regular nearly level line. The interval 
time between the last two observations should noted. 

These two points seem bear out the principle that creeping 
most feared when the character the foundation permits 
amplification the wave motion. The speed all trains both 

There are number facts shown the tables and diagrams 
which are very hard explain, but hoped that they may throw 
some light points where other records are wanting. 

regretted that more observations were not made 
curves, order ascertain the effect the unequal distribution 
the two rails caused heavy, slow-moving freight trains passing 
around curve having the proper superelevation for the higher speed 
passenger trains, 
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track 
spiked 
joints. 


Embankment ft. high. 


All joints 
spiked 
ties. 


Cut ft. 


All 
spiked 


track 
joints spiked. 
Large 
number 
unspiked 
joints 
track. 


Cut ft. 


B., 
freight. 
assenger, 
Daily. 


B., 
passenger, 
freight. 
assenger, 
Daily. 


B., 
passenger, 
freight. 
passenger, 
freight. 
Daily. 


B., 


passenger 
Daily. 


track, ties respaced 
and spiked between Mar. 
17and Apr. Bethayres. 

track, do. do. 16. 

Subgrade—earth 
marsh. 

Alignment and surface good. 

Decided evidence 
ing track. Will 
spiked soon ties 
can 


Subgrade—stony soil. 
Alignment and surface good. 


Subgrade—earth fill. 

Alignment and_ surface 
good. 

track. 


Subgrade—earth and soft. 

Alignment surface 
good. 

creeping noticed. 


RECORD CREEPING RAILS. BETHLEHEM BRANCH 


RY. 1903. Temperature taken sun. “Creep” 


GWYNEDD. 


LOCATION OF JOINTS 


GRADE LOCATION JOINTS 


TRACK 
16° 30.00’ 


May 12 | 100°| 30.00’ 


May 12 92°) 29.995/ 
<— 


oH 

> 


N.B. TRACK S.B. TRACK 
, 
90.0187 


The actual movements rails are twice great those shown this plate. 
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97° “ 
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Feb. 
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NORTH WALES GWYNEDD. 


Feb. 2 51° “ 0 
E Mar. 17 ” e- 
May 12 92°) 
Feb. 18 21° 5 
Apr. 
TRACK 
Apr. 
May 


DO 


The actual movements rails are twice great those shown this plate. 
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TABLE No. 


accompany Plate XXVIII. 


Ry. 1903. 


Align- 


Location. ment. Bearing. 
QUAKER- 
ft. 
Tan- 
of Hall sig- S. 25° EB. 
north yard 
switches. 
ALES: 
780 ft. south| curve. 17° 
south long. curve. 
station. 
. SOU ‘an- 
arch bridge. 
ORELAND: 
ot roa ‘an- ee 
north 
station. 


Rails. Ballast. Joints. Cut fill. 
track not spiked 

spiked ties. freight. 
Standard joints. Daily. 
Daily. 
Daily. 
B., 
Daily. 


Remarks. 


Alignment and surface fair. 

ballast between 

es. 

Subgrade—earth. 

Foreman reports west rail 
track creeps south. 
Last summer moved 
ties joints show creeping. 


Alignment and surface fair. 

ballast between 

Subgrade—rock. 

signs creeping. 


Alignment and surface fair. 

ballast between 

signs creeping. 


Alignment good. Surface fair. 

ballast between 

es. 

East rail, track, creeps 
north, and shown ties. 
Rails track close 
together station and open 
out you north. 


OSS 
2 
Phe 
| 
} 
j 
We 
A 
‘ 
3 


[Papers. 


° 


360 ft. north 
the station. 


TABLE No. 


accompany Plate XXIX. 


Ballast. Joints. 


Both rails 
Cinders. 
Cinders. are spiked, 
say, one-third 
Standard splices. 


Both rails 
track spiked. 
track 
number not 
spiked. 
Standard splices. 


Cinders. 


Cut fill. 


Cut side 
mountain. 


Cut side 
mountain. 


Traffic. 


freight. 


Same 
above. 


Remarks. 


Alignment and surface fair for 
conditions. Foreman reports 
track cut five places last 
ear. Rails last but months. 


See above note. 


SHAMOKIN MAHANOY AND SHAMOKIN Ry. 1903. 


Locust DALE 
JUNCTION: 
ft. north 
switch 
track. 


South 

bridge, 
below the 
station. 


Cinders. All joints 


All joints 


Cinders. spiked ties. 


cut fill. 


ft. deep. 


eight, 


eight 


above. 


Surface and alignment good. 
Decided evidence creeping 
track, where foreman 
reports trouble, especially 
summer. 


Same note above. 
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PAPERS AND DISCUSSIONS. 


This Society not responsible, body, for the facts and opinions advanced 
any its publications. 


LATERAL EARTH PRESSURES AND RELATED 
PHENOMENA. 


Discussion.* 


Bonzano, Am. Soc. (by letter).—There has been too mr. Bonzano. 
little investigation this important subject, and gratifying 
have Mr. Goodrich’s paper. The writer has for years looked forward 
having opportunity make some investigation with view 
securing some reliable data upon this subject. 

The writer has noticed that the shrinkage dumped material 
the direction which flows when dumped, and that the principal 
lines pressure are substantially the same direction, and, 
result, has introduced into specifications for graduation the follow- 
ing: 

depositing filling material against abutments, piers, walls, 
must always dumped away from masonry; never toward it. 
the shrinkage material always the direction which flows 
when dumped, especial pains must always taken make the 
shrinkage-thrust away from masonry structures. When filled mate- 


rial tamped rammed after dumping, the ramming should done 
vertical blows.” 


The foregoing quoted from printed specifications prepared 
the writer, and believed original and not found elsewhere. 


discussion (of the paper Goodrich, Jun. Am. Soc. E., printed 
Proceedings for March, 1904), printed Proceedings order that the views expressed 
may brought before all members for further discussion. 

Communications this subject received prior June 25th, 1904, will published 
subsequently. 
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Mr. Bonzano. The specifications resulted from the writer’s observations 


different ways dumping and handling material, and such results 
are noted briefly follows: 

1.—A first-class masonry structure usually ruined being 
dumped against tail dump, the structure being forced out 
plumb. 

2.—A masonry structure, inferior and light design and poor 
material and workmanship, will give astonishingly good results 
the filling deposited back flow away from when 
dumped. 


3.—The greater the shrinkage the filling material and the 


the dump, the greater the force pressure due flow and shrinkage. 
4.—The and shrinkage pressures are greatest the longest 
layers dumped material. 

5.—The flow and shrinkage forces are the direction the flow 
the material when dumped. 

The results just described may easily confirmed observation. 
ft. high made dumping from both sides 
trestle—no matter whether the shrinkage the material small 
great—it can noticed that, after the embankment completed, 
vertical cracks appear near the center line, and that frequently they 
are quite wide and extend downward great many feet. all the 
material filled back abutment dumped flow away from 
it, after the first soaking rain, space can found between the filling 
and the abutment that varies width approximately proportion 
the height the dump and the coefficient shrinkage the 
material. 

The writer doubts the value the Mr. Goodrich, 
and feels confident that, for practical use, the data must obtained 
considering primarily the direction flow when dumped, together 
with determining the coefficients shrinkage. The writer could cite 
many interesting cases from which the foregoing conclusions were 
derived. 

method used obtaining the pressure has given the speaker idea 
which might well mention, that someone may take up, 
future experiments, and elaborate it. 

Taking into consideration the principle that carbon changes 
electrical conductivity when placed under varying pressure, raises 
the point that, would not possible place carbon cylinder, 
carbon any shape, certain length, back the retaining wall, 
and place the piece carbon circuit with battery and galvano- 
meter, and that way get the deflections asthe pressure varies 
the piece carbon? The conductivity being the reciprocal its 
resistance, would more accurateand convenient use Wheat- 
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stone measure the variations resistance due changes Mr. Hewes. 


pressure. The carbon might covered with material which 
would prevent from taking moisture, which would cause 
change its resistance. Also, the piece carbon might placed 
the mass the material itself, and, that way, the resistances 
could obtained the pressure the carbon increased. The ends 
the carbon could exposed the mass the material, while the 
sides could protected box, from which the ends would pro- 
trude, that way causing the pressure come the ends the 
carbon. The axis the carbon could placed any direction 
which the pressure was observed. 

might also easy, such cases, have two three sets 
carbons placed the mass the material tested, and, simply 
having small switchboard, the experimenter could measure first one 
circuit and then another. The carbon might remain for any length 
time, and follow the changes from month month. 


might stated that, using the block carbon, all arching 
effects might eliminated. 


Am. E.—In describing curves the Mr. Dunham. 


variety under discussion, positive check, comparison with pres- 
sure exactly known, would valuable. water were used mate- 
rial for the fill,” either cylinder against planks, the precise 
pressure could determined. The deflection could compared 
with that observed for other material, curve for water under dif- 
ferent heads could compared with one for silt, quicksand wet 
clays. would interesting know whether this has been done. 
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PHENOMENAL LAND SLIDE. 


Discussion.* 


ADAMs. 


history the slide, down the first January, 1904, showing 
detail the surveys upon which claims for the success the reclama- 
tion work have been based. The writer believes that any claims 
may have made are fully warranted the results achieved, shown 
the charts submitted with the paper. That the sur- 
vey, completed during the early part March, 1904, portends unex- 
pected change conditions formerly existing, may probably taken 
another proof the phenomenal” character the movement. 

has been indicated, resurvey the range lines crossing the 
slide shows slight change number the points observed, 
larger proportion the points giving readings greater than for any 
former survey for two years. About 60% the points observed gave 
readings ranging from 0.01 0.02 ft. excess former surveys. 
There were about half dozen points which gave readings excess 
0.02 ft., and only one much 0.05 ft., the average points 
shown the diagram, Plate (east and west lines X’, 
and being 0.13 in. for the months January and February, 
9.065in. per month. indeed variation, and significant 


*This discussion (of the paper Ciarke, Am. Soc. printed Pro- 
ceedings for March, 1904), printed Proceedings order that the views expressed 
may brought before all members the Society for further discussion. 


Communications this subject received prior June 25th, 1904, will published 
subsequently. 
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only indication the possibilities the situation, which will Mr. Clarke. 


require additional time develop fully. 

This unlooked-for change unquestionably due the unusual 
rainfall the last four months, November, 1903, February, 1904, 
inclusive. That this rainfall has been excessive shown the fol- 
lowing figures compiled from the reports the United States Weather 
Bureau Portland. 

The total rainfall for the months November and December, 
1903, and January and February, 1904, was This amount 
14.7% more than the average for these months for years, and 27% 
more than the average for the same period during the past years 
(1883 1904). said, that the average for 
years (1870 1833) was 30.4 ins., slightly excess that for the 
present season. 

The average rainfall during the months the Weather Bureau calls 
the Wet Ist May 42.39 ins., while 
the yearly average 45.79 ins. Comparing the present season with 
the foregoing, the following may noted. 


Total precipitation November, 1903............. 10.71 ins 
February, 1904............. 11.08 
30.15 ins., 


the latter amount being about the yearly average. 

The severity these storms has also been shown the volume 
the drainage from the tunnels, which, upon number occasions, 
has been the rate more than 100 000 galls. per day. This shows 
striking manner the the present tunnels. this vol- 
ume water were not allowed escape freely, there would 
trouble indeed, and the original saw-tooth” character the 
ment chart would soon reappear. 

Considering the volume rainfall and drainage, probable that 
the next survey will also show unfavorable results, for will require 
some time for the ground dry out after the rain has ceased. 

That the movement likely continue for indefinite period 
(if, indeed, can said that general movement has already com- 
menced), the writer does not consider all probable.. order that 
the grounds for this confidence may appear, attention called 
Table No. 10, comparative statement the rate the movement 
between January, 1895, and March, 1904. 
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TABLE No. 10. 


MOVEMENT. 


Length 
Total,in per 
inches. month. 


Reservoir linings 
January, 1895, June, 1900. wrecked during 


‘unnel construc- 
June, 1900, November, 1901... tion progress. 
Period since com- 
nels. 


The last-named amount includes the movement just observed, 
which amounts 0.13 in. for the months January and February, 
1904, and, with that amount included, the average recorded movement 
has been less than one-fortieth the average before the tunnels were 
completed. 

may noted that, the last survey, there were very few points 
opposite Reservoir No. which showed increased reading, the 
greater number being along the axis the slide opposite the north 
end Reservoir No. 

The effects the present severe storms are simply regarded many 
indications that the tunnels already constructed are not sufficient 
drain thoroughly the entire mass the sliding ground and its under- 
lying bed-rock. The Water Board recognizes this condition affairs, 
and, even now, has under consideration the construction additional 
bed-rock drains, branches the main tunnel; and also system 
sub surface tile drains cover certain portions the surface, pro- 
vided later surveys afford conclusive proof the necessity for this 
additional drainage work. 

The result the changes, already noted, will delay somewhat 
the work reservoir repairs, but there doubt felt the ulti- 


mate success the reclamation work and the final restoration the 
reservoirs. 
* * * * * * & * 

During May, 1899, while the writer was engaged upon the investi- 
gation the slide the Portland reservoirs, there appeared the 
city papers brief accounts immense land slide which had just 
occurred near Cape Meares, about miles west from Portland. 

The first descriptions the slide, its size and the rapidity its 
movement (width mile, length miles, and movement ins. per hour) 
were sufficiently startling awaken desire examine the ground 
and see the conditions actually existing there were any way com- 
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parable with those which had been studied long Portland. Mr. Clarke. 


few weeks later, therefore, the writer undertook the journey, partly 
rail and boat, but chiefly stage mudwagon, crossing the 
Coast Range, and occupying hours more, before reaching the 
slide. The time spent the vicinity was three and half days, and 
the greater part two days was occupied mapping the slide and 
noting its characteristics and progress. From the notes then taken 
the map, Fig. and description the slide have been prepared. 

The slide shallow depression lying immediately north the 
range hills which Cape Meares the western extremity, and 
about miles south the entrance Tillamook Bay, Oregon. The 
upper eastern portion the slide covered with dense forest, 
and not easy determine the exact limits the moving ground, 
but enough known warrant the statement that the length 
the slide from the ocean beach its eastern extremity little less 
than mile, and the average width about 500 ft. The area the 
moving ground approximately acres. 

The larger part the moving ground covered with dense 
forest fir, spruce and smaller growths, and little can seen which 
indicates any way the probable depth the movement. The 
movement has been sufficient eause many trees fall around the 
margin the slide, and many more will soon follow. 

The head the slide reaches elevation about 300 ft. above 
the ocean beach distance about mile. 

From present appearances, and from information derived from 
those familiar with the ground was before the slide occurred, 
can said that the slide had its origin small tract swampy 
ground, perhaps 200 300 ft.in extent, through which ran two small 
streams water, each perhaps ins. wide and ins. deep. One 
these small streams finds its way the beach along the base 
the Cape Meares ridge, the southern limit the slide being for the 
most part along within few feet the bed this stream. 

The second small stream crosses the upper end the slide near 
its northern border, and thence finds its way the beach, its course 
being almost, not altogether, within the limits the moving 
ground. 

the south, the line the movement defined very clearly, 
follows, for the most part, the bed the creek until within about 
400 ft. the beach, where leaves the channel the stream and 
cuts through higher ground more direct course. Along the 
northern border, the ground broken more irregularly; piled 
ridges places, with crevices between; but none the latter was 
any considerable depth. 

the head the slide the horizontal movement has been suffi- 
cient remove all timber and surface earth from section the hill- 
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Mr. Clarke. side about 400 ft. long, from north south, and ft. wide, 
measured along the slope the bank. The slope the clay bank, 
where exposed the slide, from 25° 40°, and the vertical move- 
ment that point amounts about ft. chasm was seen, 
indicating deep movement that point; the ground had simply 
settled away from the adjoining bank, and all crevices had been filled 
with the surface earth loosened the slide. point rocky 
ledge had been exposed, and all around the upper margin the slide 
the upturned trees indicated but slight depth surface earth. 

While the upper eastern portion the slide hidden from 
view dense forest, the lower part has been cleared timber 
great extent, and partly under cultivation; but, the beach, exist- 
ing conditions bear the strongest testimony the force and magni- 
tude the movement. The height the bank above extreme high 
tide varies from zero the center the slide ft. above the 
north side, and ft. the southern edge the movement. 
Excepting either margin the movement, the portion the bank 
above high tide shows appearance having been disturbed, al- 
though has been moved 200 ft. more from its original position, 
but the beach front, for another 200 ft. more, has been thrown 
into ridges folds the immense pressure from the slide. 

This movement has extended out low-water line beyond, 
and nearly vertical bank, ft. height, formed clay and sand 
large masses, presents bold front the action the waves, which 
slowly wear away. 

far known, the movement began about May 10th, 1899. 
measurement, was found that the total movement from May 10th 
June 10th was 228 ft., average 7.36 ft. per day. 

From June 10th June 12th was the rate 4.01 ft. per day. 

From June 12th June 13th was the rate 3.26 ft. per day. 

From the foregoing, appears that falling off the rate the 
movement had already commenced the time the examination was 
progress. Considering the not excessive slope the hillside, was 
rather surprising find that the movement had continued for such 
length time, and did not appear unreasonable suppose that. 
would soon cease altogether. This, however, was merely conjec- 
ture, for the movement doubt depended upon the quantity 
water which found its way under the slide, near its head, and what its 
volume might one could tell. 

Some months after the writer’s return from this examination 
was informed that entire cessation the movement had taken place 
which must have occurred very soon after the last measurement was 
taken, June 13th, 1899. 

The writer has report regarding the condition this slide 
later than June 13th, 1900. There had then been resumption the 
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movement during the winter which intervened since the measurements 
were taken. was also reported that the front the slide had been 
worn away the action the waves far back the dotted line 
Fig. 

acquaintance with this ground began 1891, when had charge 
the construction the cable road (shown Plates and IX)* 
for the contractors. 1898 was employed the City Portland 
study and make preliminary report the sliding land case, then 
litigation. 1899 was one the witnesses for the city 
the trial mentioned. 

Months before the completion the cable road, was known 
that the Cable Company would default payments. The writer’s 
business was save much possible from the wreck, which may 
account for his neglect appreciate the importance several facts 
developed during construction. any rate, their significance was 
not appreciated until later. These facts, memory serves, include 
the following: 

1.—From Boring No. Shaft No. (see Plate the road was 
cut. Shortly after the grading was done, cracks the slopes indi- 
cated motion, thought the time local. These were obliterated 
sloughing, after the rails were laid, one time covering the finished 
track several feet deep. 

2.—The track mentioned had tendency buckle, and both the 
slot and the running rails were cut relieve the pressure. This part, 
however, was heavy grade (about 35%). The plan called for very 
light construction, that insufficient anchorage might have been 
considered the cause this trouble. 

3.—The level track northward from Shaft No. got badly out 
line, the derangement not being confined fills, but extending 
into cuts. The derangement fills was thought from shrink- 
age; cuts was thought from the same local movement noted 

Fact 

4.—In re-aligning the track northward from Shaft No. there was 
considerable friction between the foremen and the engineers, the for- 
mer complaining that the engineers could never run their lines twice 
alike, the latter that their stakes were disturbed. 

timber men made failures felling trees the direction 

desired. 
6.—There was swampy hillside north the timber-trestle bridge 
across what was later Reservoir No. 

7.—At one time the bents this timber trestle were very much out 

plumb, and their tops were jacked back, down hill. 


Proceedings, Am. Soc. E., for March, 1904. 
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the examination 1898, the first pertinent fact importance Mr. Dillman. 


developed was the lack coincidence the surface movement and 
the depths excavation, being many feet below Reservoir No. and 
many feet above Reservoir No. 

There was rupture the lining Reservoir No. about the 
bottom the reservoir, which is, however, best accounted for its 
construction. The back the facing (concrete and asphalt) was 
carefully puddled. The water was the reservoir several days, then 
quickly drawn off, that any small seepage the facing, 
backed-up ground-water, would act with its full head this weakest 
point. Thus, the reservoir lining contained within itself all that was 
necessary its own destruction under the conditions imposed. The 
rupture near the bottom Reservoir No. therefore, had necessary 
connection with the slide. 

The extent and amount the movement had been ascertained 
this time. Colonel Mendell had directed investigations which were 
exhaustive and conclusive. His conclusions have been verified the 
subsequent work drainage, shown the paper. 

The investigation this slide far the most complete 
which the writer has any knowledge. seems make plain that 
the water does the damage, not much its volume weight 
its pressure, and, the surface motion, acts like myriad 
jack-screws lift, and the same time lubricate it, the same 
pressure forcing the water into and through otherwise impervious 
strata. 

The writer knows many slides which have been cured drain- 
age, and knows failures when the remedy was applied 
properly, and the right places. 

There are several sermons this slide, one which the 
fallacy taking generally accepted facts for verities. Prior this 
law suit, everybody seemed know that the excavation the reser- 
voirs caused the slide. The Northwest full slides. The con- 
struction every railroad develops them. The fact that cutting off 
the toe slope with sliding tendencies often starts slip was war- 
rant for this general belief. The traces the slide the surface 
were pretty well hidden undergrowth. There were buildings. 
The cable road was abandoned, but this might have been from other 
reasons than failure maintain it. Engineers, looking casually 
the reservoir failures, granted it. prominent and capable en- 
gineer, well acquainted with slides, refused investigate for the 
city because did not care bullyragged contending attor- 
neys over point, him, evident. The predecessor the City 
Attorney who won the case had made some investigation, and told the 
writer just prior the trial that the only ground for the city 
stand was deny liability first, then get the damages low 
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possible; that there was use contending against such obvious 
facts. 

The investigations, under the direction Colonel Mendell, indi- 
cated that there might some doubt. The City Attorney, following 
this lead, found evidence motion prior the excavation the 
reservoirs. Then the cable road operation and difficulties during 
construction seemed pertinent. Officers the militia had had their 
target ranges this ground, and noticed the derangement 
stakes which should have been line. Men were found who, when 
boys, had herded cattle this ground and had lost cattle the 
cracks the head the slide. All this was made plain the 
jury that they were absent only long enough frame verdict for 
the city. After the trial, everybody knew that this was ancient 
slide. was astonishing find that many people had known 
all the time. 


Apams, Am. Soc. (by letter).—It seems very 
probable that land slide has ever received such exhaustive study 
has been given the one described this paper. 

Few slides have been productive more embarrassing results, and 
engineers general will unite the hope that, reward such 
long and patient effort that described, this one has now become 

The recounting methods which great difficulties are finally 
overcome always value, and this the paper not only 
exception, but, the contrary, ranks, the estimation the 
writer, among the best its class engineering literature. 

Land slides are means uncommon the Pacific Coast, from 
San Francisco north. The mountainous character the country, the 
clayey nature the soil overlying the bedrock, and the heavy 
seasonal rainfall, ure all favorable for their production. Scarcely 
winter passes which railroads are not repeatedly blocked, even 
lines which have been operation for years, and the rain chances 
unusually abundant, unusually protracted any time, the 
recurrence such slides becomes correspondingly frequent. 

many localities the slopes, their natural state, are lying 
what virtually their maximum angle repose wet weather, and 
what may seem insignificant side-hill cutting may sufficient 
destroy the existing equilibrium and start motion. This also 
true many large slides broken trap rock, along the slopes 
which railroad lines, are maintained with the greatest diffi- 
culty. Even the wash banks, incident unusually high water 
the Columbia River, for instance, has been sufficient set motion 
land which improvements had existed for years without suspicion 
instability. 

During the building the Portland reservoirs, the writer was 
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charge the construction system water-works Astoria, Mr. Adams. 


Oregon, where the geological conditions were almost identical with 
those about Portland, and where slides and land doubtful stability 
were abundant that great caution was called for locating reser- 
voirs and other permanent structures, and made necessary use 
slip-joints and other special devices the pipe system where unstable 
ground could not avoided. was therefore frequent visitor, 
and much interested observer the progress events, Portland. 

The author expresses the hope that some the engineers engaged 
the plaintiff, the trial the case the King Real 
Estate Company versus The City Portland, will avail themselves 
the opportunity for discussion afforded the publication his 
paper. This the writer does more willingly because the ruling the 
judge, the trial the case, prevented any review, engineers for 
the plaintiff, the expert evidence the defense, with the result 
that the very essence difference expert opinion was obscured and 
lost because was never driven home the minds the highly 
agricultural jury, carefully selected compliance with law from 
without the limits Portland, try this very technical case. The 
experts engaged the plaintiff were called too late make any 
suitable presentation way exhibits, indispensable prerequisite 
success, especially before jury; while the defense, the result 
year’s preparation, combatted with magnificent line exhibits, 
which the engineer-authors had just reason proud. The jury 
was duly overwhelmed; the engineers engaged the plaintiff were 
not permitted review; with the result, has been stated, that the 
essential point difference the expert opinion was obscured and 
lost the jury, the satisfaction the defendant and the grief 
the plaintiff. 

There was substantially difference opinion: 

1.—Concerning the existence, character and dimensions the slide, 
existed the time the trial; 

2.—That without water there would, course, have been move- 
ment, whether not the reservoirs had been built; 

3.—That numerous instances local surface sliding had been 
observed the land prior to, well during, the reservoir construc- 
tion; 

4.—That there had been trouble, prior the commencement 
work the reservoirs, maintaining the surface and alignment 
the cable road; 

5.—That deep-seated general movement the greater slide 
had ever been discovered credibly suspected prior excavating the 
reservoirs. 

The fundamental question really involved the expert evidence 
did not concern these matters all, but was: 
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Had the great slide been motion during period years prior 
excavating the reservoirs? not, was this excavation the disturb- 
ing cause which upset the pre-existing condition equilibrium and 
started renewed the motion? 

will observed the statement that whether not this land 
had ancient time been motion not involved the technical 
controversy, matter what bearing might legally have upon the 
question damages; but only the question whether was per- 
rest prior commencing work the 

There are several important matters, addition those mentioned 


the paper, which are necessary full understanding the situ- 


ation. They are follows: 

First.—The high ridge lying immediately east the two reservoirs 
and across the front the slide, and through which the ravine 
which the reservoirs were built passes the narrow outlet closed 
the dam Reservoir No. rocky barrier unquestioned 
stability. (See Plate IV.) 

Second.—The small streams originally flowing during the rainy 
season the depressions which the reservoirs were afterward built 
were not erosive character. 

Third.—In excavating the reservoirs, not only were the slopes cut 
back and increased pitch far beyond the point stability for wet 
clay, but the ravines were much deepened making the reservoir 
bottoms much below the prior existing natural elevations. The paper 
does not give the various depths this cutting, but they were shown 
part the defendant’s exhibits. page 173* the author men- 
tions cutting, but the writer’s recollection that was 
generally much less. 

Fourth.—The tract, including large part the land later found 
motion, had been subdivided and staked out, indicated 
Plate IV, five years before the cable road was built and six years before 
the excavation the reservoirs was started; and was proven Mr. 
Quinn, the engineer who had made the subdivision and who had 
thereafter resurveyed the tract, closing the original stakes, that 
there was complete absence any general movement between 1887 
and 1893. 

The theories and interpretation evidence the part the 
defense tended toward the demonstration the existence the 
large general slide, described the paper, presumably dating 
origin far into the past, and which, the present, had not come 
condition repose; short, that the ground had been moving 
every year, but without this movement having been discovered 
previously. 

the opinion the writer and others associated with him, there 
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were many insurmountable difficulties the way the acceptance Mr. Adams. 


this theory; while the hypothesis that the slide, even though ancient 
origin, had long ago come state rest against the rocky barrier 
directly its path, again set motion the removal the 
supporting earth and broken rock, satisfied, their judgment, every 
material point evidence fact, and was fully warranted from 
study the physical conditions. 

Some the difficulties the way the acceptance the theory 
the defense were: 

First.—The failure the Portland Water Committee and its engi- 
neers, during two years study and investigation prior commenc- 
ing work, discover this movement, although cautioned intense 
public opposition the sites proposed, because their feared insta- 
bility. 

Second.—It was utterly variance with the evidence Mr. Quinn, 
who had subdivided the tract and resurveyed years later, here- 
inbefore recited. 

was also variance with much other, less conclusive, but still 
good indicative, evidence that there had been movement much 
longer period than that covered Mr. Quinn’s observations, and none 
any prior time, far known. 

substantiate the claims continuous movement, was neces- 
sary attribute the various difficulties with the cable line, during 
the short period its operation, from May, 1892, until the following 
September, this cause. Therefore, the trial, great stress was 
laid upon this the defense. 

the phenomena observed this road are accounted for the 
existence local surface slides and the exigencies operating new 
road this locality, cable road that, during the first year its 
completion, then the theory the engineers for the plaintiff incon- 
trovertible and all material evidence reconciled. The writer con- 
vinced that, not only can these phenomena thus accounted for, but 
that, the contrary, the theory general, deep-seated movement 
cannot account for them all. 

the character this cable road, given evidence: was 
built the rainy season. Kingston Avenue, the vicinity where 
the greatest lateral movement was observed, the track was fill, 
ft. high, built hillside steep that the bank was ft. higher 
one side than the other. This fill had been built just before track 
laying, and before the heaviest rains the season had the 
east and west line, the grade was largely quite deep cutting, and 
the evidence showed that the roadbed was soft and yielding that 
during construction was constantly forced upward immediately 
adjoining the track, doubtless from the weight the earth the 
adjacent banks. The trestle, which crossed the ravine where Reservoir 
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No. was afterward built, carried the track 20% grade, and was 
built contact with high end bank, which, under the action 
heavy rains, was amply sufficient cause the trestle supports 
pushed seriously out plumb. 

The evidence showed that Kingston Avenue, before referred to, 
the lateral movement the track was from ins. during 
anything which has any time been observed the big slide. 

was testified the trackmen that the 90° curve Kingston 
Avenue, spite its being near the zone maximum 
ment the large slide, had moved very little, all. 

Again, the same 90° curve had been moving, with the general slide, 
ft. year, with motion induced the push saturated mass 
the upper end the slide, such action would have resulted 
the uniform crowding and buckling the track the east, far 
the point marked Base-Ball Ground” (Plate IV). 
the contrary, the evidence showed the track have been pulled 
apart and the yokes broken this section, phenomenon readily pro- 
duced the lengthening the track from unequal settlement 
very soft roadbed. 

Farther the east, there was buckling the track, according 
the evidence, but was too irregular character, places occur- 
rence, and total amount, harmonize any way with the hypothe- 
sis general movement such has been shown exist since the 
reservoirs were excavated. 

page 177, the extract from the report the engineers for 
the Water Committee, the existence surface slides mentioned. 
The evidence the case was full observations such local slides. 
barn, once the land, had been moved out position this 
cause. one place the trees were observed leaning the east, 
and there were various other manifestations, none which could 
moving from ft. year. 

The writer has said that study conditions, alone, 
also warrants the hypothesis which effectually all the 
evidence fact. 

Attention called the exceeding slowness the movement, 
indicative how little equilibrium was disturbed. 

must admitted that this slide, its movement eastward, 
granting that was formerly motion, when sufficiently contact 
with the rock barrier, extending entirely across its front save for 
the gap closed the lower dam, must come state rest. 
not conceivable that, reach this state rest, slide, consist- 
ing mainly rock and stiff clay which without support moved only 

ft. year, would need rise against the barrier the full height 
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its natural surface and thus wholly close the natural ravine there Mr. Adams 


existing. the contrary, might reasonably expected rest 
when but partial contact, and the extent this contact neces- 
sary continued repose might be, and probably was, relatively very 
small. When dealing with forces not far from the point exact 
equilibrium, grave consequences may easily follow seemingly insig- 
nificant causes. 

The great weight the moving mass has been urged in, proof 
the irresistible character its movement. Mere weight means nothing 
determining its energy unless its speed also considered. the 
slide were only ins. thick and moving slowly ins. hour, 
would develop much energy when ft. thick and moving 
ins. year. 

With slide claimed geologic origin already contact 
with barrier which admittedly must stop its progress; with instru- 
mental surveys having been made over its surface for six years; and 
exhaustive borings and examinations made careful engineers 
charged determine its stability; and with movement discovered 
until excavations across almost the entire width its front had been 
carried, most places, plane movement; with the dis- 
covery, that time, arate motion something like ins. 
year, followed the rapid opening large cracks (Page 188) around 
the boundaries the slide; and the tracing these lines frac- 
ture both sides points contact with the reservoirs almost ex- 
actly coincident with the extent their excavations, modified 
slightly the south the topography (Plate IV), the writer 
impelled the seemingly inevitable conclusion that, whatever the 
geological history this land may have been, this slide was qui- 


escent state prior its being set motion the excavation the 
reservoirs. 
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Discussion.* 


Am. Soc. (by letter).—A faithful record. 
the inception, planning and execution great engineering work 
always instructive the profession, and, accordingly, this paper 
Messrs. Harrison and Woodard the Lake Cheesman Dam wel- 
comed. Moreover, the failure important work often more 
instructive than its successful execution, and this view, may 


said, without any disparagement the general scope and purpose 


the paper, that its most valuable feature the account the failure 
the original rock-fill dam. This was most unfortunate occurrence, 
not only serious pecuniary loss the promoters the undertak- 


ing, but discrediting, their minds, and, doubt,in the mind 


the general public, this mode construction. 
The future prosperity the arid section the United States, like 


that every other section, depends largely upon agriculture, and the- 
latter depends wholly upon irrigation. The conformation 


Woodard, Assoc. printed Proceedings for 904), 
printed ‘in order that views expressed may brought all 
members for further discussion. 

Communications this subject received prior June 25th, 1904, will published 
subsequently. 
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abounding deep worn hard rock, calls impera- Mr. Frizell. 


tively for high dams, and the needs agriculture call with equal 
urgency for less expensive methods building than are ordinarily 
adopted, are justifiable works municipal These 
conditions are fulfilled the rock-fill dam, and this mode con- 
struction must not brought into discredit failure, the result 
obviously avoidable accident. The record precipitation the 
drainage area appurtenant this dam has been kept for years 
more. the the work, record, presum- 
ably, was available for the preceding years. This showed that high 
water occurred the spring and early summer. May, 1876, 
years previously, had occurred rainfall nearly double that any 
other month the record. Under the arrangements adopted, this 
might have been regarded certain overtop the dam. the dam 
was expected occupy two years more construction, the engi- 
neer accepted chance, least one ten, its destruction while 
that May, 1876, would not occur until after the completion the 
dam, but, matters fell out, did occur. Natural agencies worked 
without any regard the engineer’s wishes. Many dams this con- 
struction might have been undertaken under chances equally more 
adverse, and brought successful completion. this case, the fatal 
event happened, and the dam failed. This occurrence does not 
invalidate the principle the rock-fill dam. only shows the neces- 
sity guarding against the danger which the loss this dam 
due. 

There are two general methods making such dam safe while 
process construction: (1) construct the efflux passage with 
dimensions sufficient take off the whole flow the stream the 
highest stage, under the head that can obtained such low dam 
can built above the main dam; and (2) construct the rock-fill 
dam that will admit overflow any stage its construction. 

this case, the first method would inordinately expensive, and 
the object would very likely defeated drift-wood brought 
down the first great 

The writer has long been the opinion that would conduce 
much the success the second method, well the general 
stability and safety the rock-fill dam, fill the interstices the 
latter with gravel earth. The work might executed layers 
ins. depth, and, after the completion layer stone, 
earth might sluiced in, deposited, under the action water, 
until the latter would stand upon the mass. The construction indi- 
cated Fig. submitted method, though very possibly not 
the best, constructing the dam admit overflow any 
stage its progress. This contemplates massive crib squared 
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Mr, Frizell. flatted timber, notched, fastened together with screw- and drift- 


bolts, loaded with stone, and decked with thick planking. This 
represented Fig. ft. deep, ft. and down stream, and 
extending across the which some ft. wide the level 
the deck. the up-stream side this crib the stone, stone and 
gravel, filling commenced. proceeds, the rods, are 
inserted, anchored the wooden the bottom, and 
adjusted receive the sleepers, which are embedded the 
rock filling, and confined nuts and washers. these 
sleepers, layer 3-in. plank spiked, not necessarily con- 
tact, but leaving intervals carrying forward this 
work, the aim should keep the uppermost sleeper some ft. 
higher than the general level the dam; least, this should the 
condition when the water comes the existing level the dam. 
obvious that such event could not occur without warning and time 
for preparation. 


= 


Suppose, the case under consideration, that the work 
where the valley 150 ft. wide. Assume that the maximum flood 
seeking egress 000 cu. ft. per second; cu. ft. per second per 
foot length the overflow, involving depth the crest some- 
what more than ft. The water then some ft. depth the 
unprotected filling, and moves across with the very moderate 
velocity little more than ft. per second, velocity incapable 
dislodging the smallest stone. The sketch, Fig. 12, will noticed, 
contemplates the laying the stones under the uppermost sleeper 
orderly manner preparation for overflow. turning 
the nuts the heads the rods, pressure can brought upon these 
stones, rendering them immovable. 

will obvious that the danger overflow diminishes rapidly 
the dam rises, but much greater the early part the work 
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than later on, for these reasons: (1) Because, the latter case, the Mr. 


flood more largely expended filling the reservoir; (2) because 
discharge through the efflux passage greater, owing the increased 
head. 

This mode protection, applied the case under consideration, 
would have involved something like 000 000 ft. lumber, 
inferior grade, and not more than 400 000 iron. 

The paper somewhat incomplete regards the efflux arrange- 
ments. Under great head, and with large water, 
more detailed description this feature desirable. The inquiring 
reader might least desire understand the necessity for providing 
three efflux passages different depths. Does this disposition rest 
upon any substantial reason, upona mere tradition the engineer- 
ing 

Neither the statical principles the stability walls nor arches 
can given full effect the discussion this structure, though the 
latter apply much more fully than the former. customary 
say, objection the arched form dam, that ring the arch 
cannot transmit the abutment the pressure sustained without 
breaking its connection with the ring below, and that the dam, 
whole, cannot transmit its pressure without breaking its connection 
with the bottom. This proposition should more carefully con- 
sidered. 

Regard the dam, with Mr. Woodard, made series 
rings. Consider the action the upper ring, assumed level 
with the water the top. only virtue some slight deforma- 
tion the ring that its pressure can transmitted the abutments, 
and this deformation, will said, resisted the ring below, 
through friction and the tensile shearing strength the mortar. 
Remember, however, that part the bottom sides the cafion 
entirely unsusceptible deformation. Now consider the second 
ring. This sustains greater pressure than the one above it, and its 
tendency deformation operates transmit the pressure the 
upper ring more fully its abutment. The pressure the third 
ring has the same tendency, and downward. The deformation 
each ring aided its connection with the ring above, and resisted 
its connection with the ring below, and takés deformation approx- 
imately, but not fully, equal that due the water pressure acting 
directly it. The direct pressure the ring, not transmitted 
the abutment, transmitted the bottom and sides the 
through friction and the tensile and shearing strength the mortar. 
results deformation the material different from any that 
occurs the straight dam the vertical arch: deformation, namely, 


which the upper face any block tends move with reference 
the lower face. 
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‘The computation the stability dam the given 
cross-section, and the given situation, without considering any forces 
other than the weight masonry and pressure water, merely 
conventional and academic exercise. Not that such computation 
would lead unsafe section, but that ignores forces larger than 
those which takes account. Apply such computation, for in- 
stance, the part, about ft. wide, that rests the bottom the 
and sustains the entire head water. This part cannot over- 
turned without breaking its connection with the remainder the dam. 
There found pressure some 000 000 Ibs. tending overturn 
this portion. shearing strength the masonry estimated 
100 lbs. per square inch (say, for convenience computation, 500 
per square foot), the average thickness the masonry being 
something like 100 ft., found that there force some 220 
110 15000 000 000 Ibs. tending resist overturning. 
Or, the stability the entire dam considered body, cannot 
overturned without breaking its connection with the along 
the the latter. fact, cannot then over- 
turned without breaking and crumbling into many pieces. this 
case, the force tending push the dam down stream something 
like 400 000 000 lbs. The shearing strength resisting this movement 
something like 260 000 000 lbs. Certainly, computation shows 
margin safety disregard these enormous forces, the dam 
ought safe. 


give arched form dam involves much additional expense 


‘and labor, and would seem that this expense and labor ought 


attended with diminution material. course, the engineer’s 
aim secure safety beyond the possibility doubt, but 
beyond this point involves waste material. Where dimensions 
are adopted which make the structure abundantly safe, regarded 
straight dam, seems unnecessary give curved form. 

The furnishing the cement the owners, instead requiring 
the contractor furnish it, was highly commendable feature this 
work. stipulations contract are more easy evade and more 
difficult enforce than those which relate the mixing and the use 
mortar. Where the contractor furnishes the cement under 
constant inducement withhold from the work. Though may, 
ostentatiously and loudly, enjoin upon his men full compliance with 
the terms the contract, they readily discern his real wishes, and 
comply with them. There security for the proper use mortar, 
unless the use made coincide with the contractor’s interest. 

Burr Am. Soc. (by letter).—The writer has 
read this paper with pleasure, and, while does not wish make 
technical discussion the paper, his interest the construction 


dams general, and his familiarity with different types and profiles 
dams, leads few remarks. 
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Fig. 11, Mr. Woodard has shown comparative sections eight Mr. Bassell. 
dams, including the Lake Cheesman Dam. The writer regrets that 
the Lake Hemet Dam, California, was not selected instead the 
smaller Sweetwater Dam, for two reasons: the first place, the pro- 
file across the the Hemet Dam site does not differ materially 
‘from that the Cheesman Dam site, after eliminating the lower ft. 
the latter, or, other words, they are practically the same between 
Elevations and 170. Again, the Hemet Dam about the 
same height the Ban Dam, France, designed 165.5 ft. above 
the lowest foundation, 152.5 ft. above the creek bed. 

The base elevation the latter corresponds Elevation 
the Cheesman Dam, which point they are within 0.51 ft. the 
same thickness. The Hemet Dam hasa very simple profile section, 
10, the down-stream face. Plotting this profile Fig. 11, 

producing the face line downward for deeper foundations, 
dam the same height the Cheesman Dam, the 
following points may noted way comparison: The Hemet and 
Cheesman Dams are practically the same thickness Elevations 
and 207 (Cheesman) Elevations and 137 (Hemet), being 
100 ft. and ft., respectively. 

The Cheesman Dam 176 ft. thick foundation base, while 
the Hemet Dam section would give 148 ft., This means 
that the lower ft. the Cheesman Dam there sectional area 
120 sq. ft. excess the Hemet section. the other hand, 
the upper 150 ft. the Cheesman Dam, corresponding the Hemet 
Dam, the latter has excess almost identically the same sectional 
area. For straight gravity dams, this simple section certainly 
safe, and for dams curved plan not much excess ideal 
section. 

the discussion curved dams, where arch action may brought 
into effect, the bold structure the Bear Valley Dam, California, 
always cited. matter record, the writer will here state that 
pointed out the secret its stability, ten years ago, the columns 
Engineering News. This dam was built under hydrostatic pressure, 
insuring perfect arch. This method construction might used 
advantage again, but, certainly, never bold section. 

The writer appreciates the importance careful computations 
obtain both safe and economical sections for dam, especially the 
dam high has long crest. also realizes fully the importance 
sufficient base width and bed-rock anchorage; however, in- 
clined favor simplicity design, and would not build too close 
theoretical lines the upper portion dam, for fear seismic 
disturbances and for other reasons. Furthermore, there seems 
less reason for extending the thickness that portion the dam 
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which below the surface the ground beyond the limits the 
simple section suggested than for decreasing above. 

What the wishes point out, and have fixed the minds 
the younger members, the simple section here presented which 
agrees well with approved profiles for masonry dams, and repre- 
sented actual practice the Lake Hemet Dam, California. 
would recommend, for the lower half masonry dam any height, 
thickness six-tenths the depth from the top, plus the crown 
width. 

Am. Soc. (by letter).—The writer has been 
greatly interested the description this work, quite inti- 
mately acquainted with the locality. May and June, 1897, was 
employed, under Chittenden, Am. Soc. E., Captain, Corps 
Engineers, Army, making some surveys and examinations 
reservoir sites Colorado and Wyoming for the War Department. 
also assisted Captain Chittenden the study the develop- 
ment the various projects and making plans for the proposed 
dams. Among others, the reservoir site now known the Cheesman 
Reservoir was carefully surveyed, and plans for the dam prepared. 
The report these surveys, with maps and plans the proposed 
structure, was published House Document No. 141, 55th Congress, 
Session; and also the Annual Report the Chief Engineers, 
Army, for 1898, 2815 seq. 

The contour map, Fig. similar the one printed the 
foregoing report, almost every indention projecting point the 
contours being identical each, that the writer wonders one not 
reduction from the other. 

masonry dam was proposed identically the same point and 
the same height. capacity, given the foregoing re- 
port, identical with that given Fig. making studies for 
the proposed dam this site, the writer made, for Captain Chitten- 
den, some ninety-five comparative cross-sections the high dams 
the world. 

rock-fill dam with steel core, similar the Otay Dam, Cali- 
fornia, was considered, but was thought that the vast interests 
both life and property which would endangered the failure 
dam such magnitude proposed this point prohibited the 
building any structure which contained element danger. For 
this reason, masonry dam was proposed. was 200 ft. 
height above original low water, with total height about 220 
ft. was proposed build curve, plan, having radius 
noted that the dam, described and built, has 
curve with radius about 400 ft. was also proposed make 
the spillway over natural saddle rock, described. The section 
proposed was very similar the one built, having width ft. 
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top and 175 ft. the bottom, compared with and 176 ft. Mr. Maltby. 
built. 

source gratification the writer know that plans for 
this structure, given the above-mentioned report, agree closely 
with the plans the structure finally designed and built such 
eminent men their profession were employed Chief and Con- 
sulting Engineers. 


Am. Soc. E.—This paper, taken con- Gould. 
nection with recently published descriptions similar structures 
Australia and California, great value the 
seems likely that the high masonry dam the future will the 
arch type, receiving, sustaining, and transmitting abutments the 
stresses acting upon it, rather than opposing them its mere dead 
weight, the moment its dead weight. the art and science 
dam building but following the universal drift all branches 
construction, reducing the amount material used more 
intelligent distribution it. This accomplished, generally, 
analyzing the stresses acting upon the structure, and framing 
pieces the axes which coincide with the lines stress. Also, 
the choice the material used; the growing substitution light 
forms reinforced concrete for massive rubble being step this 
direction. 

The structure described the paper peculiar that the arch 
form seems have been adopted more with view fit the work 
the ground than for any other motive. Seeing that the dam, 
started straight from one end, must deflected order reach 
proper ground the other, was preferred meet this necessity 
curved line rather than broken one, order secure whatever 
additional strength the arch form might give it. had not been 
for the peculiar topography the site, appears that straight 
dam, with what for convenience termed gravity section,” would 
have been adopted, and, indeed, such section was adopted and 
counted sustain the pressure, the arch being considered only 
incidental and merely affording whatever additional strength might 
reside it. 

Now, the speaker considers that this combination radically 
faulty; that the two systems, arch and gravity, not aid but rather 
conflict with each other, and that section which right for one 
wrong for the other. does not wish understood saying 
that arch dam, with its lighter section, were sprung across 
valley, its stability would not increased adding its base 
further mass, such would required give the form 
gravity section; what does wish say is, that such additional 
material were put into the work, could more advantageously 
placed elsewhere. Furthermore, would wish understood 
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Mr. Gould. that all that has said, and about say, refers those 


cases where the curve pronounced form veritable arch, 
and not mere camber. 

When dam with gravity section built curve, its strength 
resist crushing overturning gravity dam impaired, 
although the deficit more than compensated the setting 
the arch action. Therefore, cannot considered possessing all 
its gravity strength with all its arch strength super-added. The total 
hydrostatic pressure against increased the ratio that the 
the curve greater than its chord, while the resisting area the toe 
reduced, measurably, the same proportion. 


These conditions may seen reference Figs. and 14, 
which show two ideal though quite possible plans, Fig. being that 
straight dam and Fig. that curved one, both having the 
same span. The total pressure upon the curved back is, this case, 
six-fifths that the straight back. Fig. developed, 
gives Fig. 15, which shows that the 
resisting area the dam dimin- 
ished the gores left vacant 
the development. 

But when the arch form 
frankly invoked, the present 
case, why should the gravity 
feature retained the problem? 
The forces with which the dam contends are: sliding forward its base; 
overturning around the outer edge; and, the case very high dams, 
the crushing the material when the dam sustaining full head 
water. Ifthe dam straight, and cut into imaginary slices, say, 
ft. thick, all these phenomena may produced upon given slice 
without disturbing the adjacent ones. curved dam this could 
not take place without setting violent lateral reactions because the 
imaginary slices, having their axes the same lines, the pressures 
are longer parallelogramatic, but wedge-shaped, and cannot 
thrust forward made rotate without pushing aside crushing 
the adjacent ones. seems the speaker, therefore, that gravity 
section implies faulty design when applied arched dam, because 
provides for class stresses which the structure cannot 
subjected. 


sat A 


| 


Papers.] DISCUSSION: LAKE CHEESMAN DAM AND RESERVOIR. 501 


the speaker’s opinion, the calculation for this dam should have Mr. Gould. 


been made wholly upon the arch proposition. Mr. Woodard states 
that this calculation was made, but does not give the method used nor 
the results, which fact must taken proof that considered 
them satisfactory. 

The speaker not aware what method calculation has generally 
been used for arched dams, considered simply such. some re- 
spects would seem that the calculation must simpler than for 
ordinary arch sustaining vertically acting load. The weight 
the dam itself not borne the arch, and the pressure that does 
sustain uniform per unit length surface, and directed all 
points toward the center the curve. The line pressure, there- 
fore, Mr. Woodard states, must with the curve. What 
wanted the horizontal compressive stress per unit section, 
Navier’s formula appears peculiarly adapted this calculation, 
because based precisely upon the hypothesis fluid pressure, 
and only applied other cases more less permissible exten- 
sion. Navier’s formula, well known, follows: 


this formula, referring Fig. 16, compressive stress 
upon any horizontal strip, 
length, unit width, the unit 
this case being ft., situated 
the depth, below the surface 
the water which assumed 
level with the top the dam. 
=the horizontal pressure the 
depth, upon the unit surface 
sq. ft.), and the radius 
the curve the intrados the 
being the radius the crest 
the dam. course, constant, while varies with the value 

The pressure upon the unit surface, that is, upon sq. ft., due 
the head, The formula then becomes: 

(2) 

find the proper value for any given depth, below the top 
the dam, value for based upon the permissible unit stress, 
must assumed. The value would then this stress multiplied 
since being unit width, the section which must resist the 
pressure. Designating this limiting stress have: 


whence 


(3) 
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This the general expression for the value any given depth, 
when the radius, and the limiting stress, are given. 

evident that high value may assigned because the 
pressure, particularly near the base the dam, exercised, not upon 
imaginary isolated strips, has necessity been assumed the 
formula, but upon strips embedded mass masonry. 
Ibs. would conservative value, under the circumstances. the 
Lake Cheesman Dam, 400 ft. Inserting these values Equation 
and reducing, gives: 


This the working formula adapted the present particular 
case, and its aid series values can calculated, 
Table No. 


TABLE No. 
Elevation. Actual length. 
220 125.70 
50 170 104.60 119.36 
100 120 80.00 
150 51.00 
200 6.00 18.00 


The profile thus determined shown Fig. 17, upon which the 
actual profile the Lake Cheesman Dam also shown, approxi- 
mately, dotted lines. 

Now, whether the value 
rightly chosen, whether 
the resulting profile, shown 
Fig. 17, too bold not bold 
enough, the fact which the 
speaker seeking establish 
that, least his opinion, the 
proper profile for arched dam 
the general shape shown 
Fig. 17, rather than the one ac- 
tually used, and upon this 
point, for his own enlighten- 
ment, that would glad 
know the opinions others. 

Also, would suggest the 
following questions needing 
further elucidation: 

Can the thrust the water the arch dam considered be- 
ing transferred totally the sides the valley, and, so, neces- 
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sary consider the vertical pressure upon the base the dam Mr. Gould. 


anything more than that due the weight the dam itself, when the 
reservoir empty? The extreme thinness some existing, high 
arched dams would seem indicate that not. 

would require much more time than now command fol- 
low and verify the skilful, but intricate calculations and assumptions 
developed Mr. Woodard. The results shown Fig. are 
prising that they exhibit slight difference between the lines 
pressure for full reservoir, with and without the aid the arch. 
They seem indicate that the very pronounced arch form added 
practically nothing the strength the dam. 

Against the heavy profile the Lake Cheesman Dam there must 
set off the many very light arch dams already built and standing 
intact. Apparently, there discord between theory and practice 
regard structures this class. calculation shows that these 
dams are too frail sustain the forces acting upon them and they 
yet persist standing up, then would certainly seem that there 
something wrong with the theory upon which the calculation 
based. 

One fact well bear mind, explaining the frequent dis- 
agreement between fact and theory, the case retaining walls 
general, and dams particular, and that the enormous differ- 
ence between the assumed data and the actual conditions, resulting 
great but neglected factor safety. When the resistance 
gravity dam calculated, slice ft. thick taken the point 
where the highest, and considered standing alone, 
without any lateral support, and depending for its stability wholly 
upon the moment its mass. 

Then (neglecting besides the adhesion the this slice 
considered representing the entire dam. the dam were equal 
height throughout and indefinite length, and fell, did fall 
one body, door turns upon its hinges, this would correct 
assumption. But dam was ever overturned this way, nor could 
be. There continuous edge about which could rotate bod- 
ily. The valley across which thrown more less 
and the whole structure could not made rotate about the com- 
paratively small fulcrum which the topography the site afforded. 
Every foot the dam would have point about which 
would tend rotate, and single slice section could rotate with- 
out tearing asunder its connection with the adjacent sections. 
enormous proportion the overturning force would absorbed 
the shearing effort necessary accomplish this, and this ac- 
count taken, the result our calculations, therefore, being tre- 


mendously the doubt many anomalous conditions 
may thus accounted for. 
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Something said the paper about strains due changes 
temperature. appears the speaker that, considering the great 
thickness such structures, entirely too much importance at- 
tached this feature. The effects changes temperature cannot 
penetrate beyond very few feet, leaving the temperature the mass 
practically uniform all seasons the year. 


Am. Soc. E.—The most salient feature 
which strikes the speaker, reading this most admirable description 
beautiful piece engineering work, the illustration gives of, 
probably, the highest type engineering skill and ability—the art 
seizing upon natural features and conditions, and utilizing them 
the best and most economic advantage for the purpose sought 
obtained. 

Secondly; how often skilful engineers fail grasp these oppor- 
tunities, and, the very conception plan, wrong and produce 
results far below the possibilities lying open their brains and hands. 

use illustration familiar all engineers who have studied, 
from observation car, delineated upon topographical map, 
railroad located difficult country: how many millions dollars 
could have been saved construction, maintenance and operation, 
the locating engineer had only possessed that useful sense imagina- 
tion which sees, ahead the transit, the completed grade winding 
around the mountain sides and crossing the summits, and makes the 
configuration the earth surface assist him obtaining the location 
which cannot bettered. 

the present case there the condition very small rainfall, 
and, what there is, occurring during short fraction the year. This 
entails large storage, and, possible obtain, deep reservoirs with 
little surface for evaporation. avoid waste, the dam and reservoir 
should tight skill can make them, every gallon saved from 
leakage and evaporation, prolongs the period which the available 
supply will suffice for the growing demand, and increases the growth 
the sinking fund which, some day, will required extend the 
supply. 

The contour map shows the selected reservoir site perfect 
fulfill these conditions, and the location chosen for the dam ideal. 

The speaker, the past ten years, has had occasion make many 
studies the topography different parts the country for the 
purpose selecting advantageous and economical sites for storage 
reservoirs and dams, and cannot remember any example which the 
combination all-natural features, except rainfall, needed for water 
supply, and storage and deep reservoir advantage- 
ously, were combined the case under discussion. 

Yet, after selecting narrow gorge with solid granite sides and 
floor, where Nature had provided ample and excellently located 
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spillway, with quarries the very best material near fact, Mr. Harrison. 


theoretically perfect location for masonry dam the most econom- 
ical proportions—all these advantages were nearly thrown away, and 


work was actually commenced rock-filled dam, faced with sheet 


concrete and steel plates. 


Fortunately, for the enterprise, the flood May, 1900, destroyed 
the work this structure, and, presumably from the paper, resulted 
bringing into the project new engineering talent, which saw the 
opportunity presented, and was wise enough grasp it. 

The proper character the work being adopted, the actual carry- 
ing out the plans presents remarkable features, and matter 
detail. 

The for the dam bold, and, considered gravity dam, 
only just the line outside which the best precedents forbid 
engineer go, but the designer seems justified his confidence, 
not only the fact the unexcelled character the foundation and 
abutment rock, but also having the security the arch form 
final resort. 

Compared with the section adopted for the Boonton Dam, with 
which the speaker connected, the section the highest 110 ft., 
the Boonton Dam has area 836 sq. ft., against 254 sq. ft. 
the upper 110 ft. the Lake Cheesman Dam. 

Under any but exceptional conditions situation and other ad- 
vantages, found this case, the speaker would feel easier with the 
larger section, though the Boonton Dam, for many reasons—among 
others the resistance ice pressure—was treated very conservative 
manner. 

From the information given the paper, the speaker the 
opinion that saving cost could have been secured using the 
Cyclopean, rubble-concrete masonry which was adopted Boonton. 

The cement estimated needed, bbls. for 103 000 cu. yds. 
masonry, more than 0.77 bbl. per cubic yard, exceeds the pro- 
portions actually used Boonton, which was 0.68 per cubic yard 
for more than 200 000 cu. yds. masonry all classes.. 

The weight cubic foot masonry the Lake Cheesman Dam, 
given 158 lbs., which itself excellent, but the average weight 


the Boonton Dam—syenitic granite, concrete—is 166 per cubic 
foot. 


Frank Horn, Am. Soc. (by sand used Mr. Horn. 


the construction the dam was washed after passing through screen 
made parallel bars spaced apart. The grains ranged size 
from the largest that would pass through the screen fine sand. 
About 34% would retained No. 6sieve and 66% would pass 
through it. number tests were made determine the voids, 
which were found about 31.5% the volume. 


2 
7 
be 
7 
7 
| 
| 
= 
| 


506 DISCUSSION LAKE CHEESMAN DAM AND RESERVOIR. [Papers. 


The mortar used pointing was mixed the proportions 
parts screened sand part cement. The mixing was done 
batches ft., batch mixer. The operation mixing the 


mortar was watched attendant, and uniform product was 


always secured. The mortar boxes were each cu. ft. capacity, 
and, after being filled, the mortar was distributed the necessity 
the work demanded, and was not allowed accumulate the wall. 
The contents each mortar box were used within about minutes 
after having been placed for the masons. Tests were made, from time 
time, determine the tensile strength the mortar. The results 
are shown Table No. 


TABLE No. STRENGTH LAKE CHEESMAN Dam. 


Number 


Age Average Age Number Average ten- 
briquette. broken. broken. sile strength. 
days 373 days 128 320 Ibs 
“ 110 48 185 ‘ 


The making tests was taken from the mortar boxes the 
wall. The briquette moulds were filled the usual manner and 
placed the shade under damp cloth for hours after which thty 
were removed from the moulds and placed water, where they 
remained until the date breaking. They were broken immediately 
after removal from the water. They were subjected, nearly 
possible, the same treatment the mortar used the masonry. 

The stones the up-stream face the dam average cu. ft. 
volume, and those the down-stream face about cu. ft. Those 
used backing range from cu. ft. volume. Each stone was 
set full bed soft mortar, and worked down even and firm 
bearing, until the mortar all sides was forced out the weight 
the stone and the action due workingit remaining 
spaces were filled with soft mortar, into which smaller stones were 
and firmly placed, care being taken bed mortar each 
stone, large and small, and not allow contact one with another. The 
bonding the stones the wall was given particular attention. 
leveling the wall any point was permitted, except for setting the 
up-stream face stones, but thorough bonding, horizontally and ver- 
tically, was secured. Fig. Plate XVIII, and Fig. Plate XX, well 
illustrate the character the work. 
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The percentages stone and mortar entering into the completed Mr. Horn. 
masonry are about and 28, respectively. 
The masonry, this time, water-tight. Water has stood 
Elevation 97.0 for year, and leaks, even sweating, are discern- 
ible the down-stream face the dam. 

Plate XXX view the top the dam, taken after the com- 
pletion the parapet walls, but before finishing the concrete road- 
way. 

interesting and valuable paper, particularly when considered that 
this dam designed and has been built withstand clear static 
head more than 200 ft., and that, from the account the authors, 
there was sign percolation sweating under its first test 
more than 100 ft. static head. seems the writer that such 
result remarkable, and evident that, the material, methods 
construction, and workmanship, the very best judgment and 
skill were used. would great interest know the result due 
the increased head which, doubt, has been used against the dam 
during the past winter. 

evident that the section the dam described the paper, 
namely, that below Elevation 100, was not affected temperature, 
and that there were shrinkage temperature cracks account, 
the masonry, and, the writer not misinformed, understands 
that since the completion the structure its elevation 217 ft. 
shrinkage temperature cracks have developed the masonry, 
beyond two very slight ones which show either end the structure, 
leaving clear stretch length 700 ft. the thinnest section 
the dam which cracks are found. 

judge from the description and illustrations, would seem that 
the masonry the dam was carried uniformly, practically without 
steps racks, excepting such are described having been used 
break bond the masonry horizontally. view the presence 
shrinkage temperature eracks the narrow sections high ma- 
sonry structures, ordinarily, and the annoyance occasioned 
them, may well consider the reasons why their absence has 
been marked this structure. 

the New Croton Dam, the masonry which, may said, can 
divided into three parts, the first comprising the main dam, proper, 
which built straight line; the second comprising the curved 
the overfall, which curve nearly quadrant, and 
comprising the remaining portion the overfall, which built 
tangents with two three angles; the cracks which have developed 
are particularly noticeable certain portions the main dam and the 
straight portion the overfall. These cracks, greater less size 
and extent, owing certain conditions, are confined the upper 
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thinner portions the sections question, but, the curved portion 
the overfall, which has been subjected the same conditions 
have obtained the straight portions the dam, cracks have 
been found. 

While temperature shrinkage cracks are likely concen- 
trated particular points case the masonry not carried 
uniform elevations, unquestionable that, with uniform areas 
section, they would occur intervals more less regularly any 
thin masonry structure compactly built straight line. This, the 
writer thinks, shown clearly enough the work the New Croton 
Dam, certain points where the methods adopted resulted com- 
parative uniformity lines elevation and sections masonry 
they were built. other points evident, from the size and 
depths the cracks, that the variations sections, and longitudinal 
racking had great deal with the concentration the cracks. 
the masonry the Lake Cheesman Dam, however, seems 
clear that its curved plan and the uniformity section which was 
preserved throughout its construction had evidently with the 
remarkable absence temperature cracks which has been noted, and 
the writer thinks may said that these results constitute pretty 
good argument favor building high masonry dams curves, 
circumstances are such allow without undue increase 
expense. 

Another point interest connection with this dam the pro- 
vision made for waste means the overfall, the length which 
stated 300 ft. Apparently, this overflow will pass about 000 
cu. ft. per second, flow approximately five times great the 
largest observed flow the river thirty-two years. matter 
comparison, the overflow Croton Dam 000 ft. long, and 
the probable maximum depth flow over may assumed ft. 
Such depth would give flow approximately 000 cu. ft. per 
second, about three times the observed maximum flow the 
Croton River for the past sixty years. assumed that the pos- 
sible run-off from the Croton Basin above the New Croton Dam 
hour over the whole water-shed 360 sq. miles, the run-off would 
000 cu. ft. per second, which equivalent depth about ft. 
the overflow. 

While overflow capacity five times the maximum flow the 
river, observed through somewhat extended time, may consid- 
ered conservative provision, and while, course, there can 
comparison properly between the possible run-offs from the Lake 
Cheesman water-shed and the Croton water-shed, owing the great 
difference areas and rainfalls, the comparison between the provision 
made either case, based upon observed maximum interest- 
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ing, and the writer, therefore, calls attention it. stated, Mr. Gowen. 
comparison can made regards possible maximum flow, but, 
assumed that this rate inverse proportion the 
water-shed areas, then, the basis the ins. hours, assumed 
case the Croton, divided equals 1.2 ins. From the Lake 
Cheesman water-shed, the run-off, based upon these figures, would 
approximately 000 cu. ft. per second. 

Continuing the reductions further, and proportion the respec- 
tive mean yearly rainfalls the two basins, ins. for the Croton and 
ins. for the Platte, then, approximately, the possible maximum 
000 cu. ft. per second, result which, considered seriously, 
seemingly out proportion the length overflow provided. 

The records the United States Geological Survey show flood 
flows certain streams Kansas and Colorado which, apparently, 
approximate closely, they not pass, the limit 000 cu. ft. 
per second for the 800 sq. miles the Lake Cheesman water-shed. 
Accepting such reasonably reliable, would seem that 
greater flows might expected than this overflow calculated 
provide for. 

acquaintance with the characteristics this particular water- 
shed certainly essential order justify any criticism the fea- 
ture question, and the writer, therefore, not disposed under- 
take it; but the information which the dimensions the overflow 
were based can supplied, would prove very acceptable and valu- 
able addition this paper. 


The plans made for regulating the outflow from the reservoir were 


formed, evident, connection with the rock-fill dam design and 
were partly completed before the new design for masonry dam had 
been adopted. The tunnels, assumed, are unlined, excepting 
the points where the valves are installed, and the question arises 
the need, time, additional tunnel lining, and certainly 
matter great interest know how the valves question are work- 
ing under the pressures that must obtain. The addition the Tainter 
guard-valve was certainly very essential, and the precautions taken 
provide the manway tunnels give access the working parts the 
discharge valves all times were certainly prudent, say the least. 
improbable, course, that all three, that two out three, 
valves will out order any one time, and the contingency re- 
mote that the control the flow might lost consequence, that 
such case the depths the water above the dam would beyond 
the limit diver’s work, but would seem the writer that some 
provision should have been made, such has not been done, which 
the upper entrances the 60-ft. and 110-ft. levels can closed upon 
emergency and clear access the valves thus afforded. 


1 

| 

| 

| 
| 

fe 
oy 
| 


MEMOIR BENJAMIN BURGH SMITH. [Memoirs. 


DECEASED MEMBERS. 


will reproduced the Volumes Transactions. Any informa- 
tion which will amplify the records here printed, correct any errors, should 
forwarded the Secretary prior the final publication. 


BENJAMIN BURGH SMITH,* Am. 


1904. 


Benjamin Burgh Smith was the eldest son Dr. Benjamin Burgh 
Smith and Catherine Smith Farr. was born Georgetown, 
South Carolina, May 15th, 1835. His education was completed 
the South Carolina Military Academy, from which school was 
1855. 

Choosing Civil Engineering profession, secured ap- 
pointment the Engineer Corps engaged the surveys the 
Charleston and Savannah Railroad. His connection with this organi- 
zation lasted upwards two years, when young Smith decided 
study medicine, influenced doubt the advice and example his 
father. attended the medical lectures the South Carolina Med- 
ical College Charleston, South Carolina, and was graduated 1859 
1860. During the intervals between the sessions the medical 
College, was employed the construction the Charleston and 
Savannah Railroad, charge track laying. 

The opening scenes the Civil War soon attracted Dr. Smith, and 
promptly abandoned his profession and entered the service the 
Confederate States. Into this service threw himself with all the 
ardor earnest nature, and was distinguished for his gallantry, 
good judgment and military skill. attained the rank Colonel 
and was included the terms the surrender General Jos. 
Johnston General Sherman. 

Subsequently the Civil War resumed the practice his pro- 
fession Adams Run, South Carolina. Having been left without 
means, was not able that time purchase horse, but illus- 
trated his high character walking long distances practice among 
the poor. 

The poverty the section which lived forced him, after 
time, abandon the practice medicine and resume the practice 
engineering. After being engaged surveys railroad lines 
less importance, joined the Corps Engineers making the surveys 
and the Port Royal Railroad, and continued this ser- 
vice until the completion the road Augusta, Georgia. 


Prepared the Rev. Ellison Capers, Col. Gadsden and James Allen, 
Am. Soc. 
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then entered the service the United States, and soon there- 
after, obtaining the position Assistant Engineer the United 
States Light-House Establishment, continued that position until 
his death February 8th, 1904. 

the duties this position, which was practically his life work, 
devoted himself with all his natural zeal and energy. His good 
judgment and intelligence gave great weight his opinions all 
matters relating the engineering work the Sixth Light-House 
District. 

Col. Smith was man sterling qualities and strong character. 
never married, but his beautiful home life among his relatives, 
whom was devotedly attached, will held them lasting re- 
membrance. 

Col. Smith was elected Member the American Society Civil 
Engineers November 7th, 1888. 
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THE SOCIETY. 


June ist, 1904.—The meeting was called order 8.40 
James Owen, Am. Soc. E., the chair; Chas. Warren Hunt, 
Secretary; and present, also, 103 members and guests. 

The minutes the meetings May 4th and 18th, 1904, were ap- 
proved printed the Proceedings for May, 1904. 

paper, Sedimentation Allen Hazen, Am. Soc. E., 
was presented the author. 
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written discussion from Pearsons, Am. Soc. E., was 

presented the Secretary, and the paper was discussed verbally 
Messrs. George Fuller, George Soper, Weston and the 
author. 


Ballots for membership were canvassed, and the following candi- 
dates elected: 


Bowser, Slidell, La. 
Frank Conn, Philadelphia, Pa. 
Emory ALEXANDER Holyoke, Mass. 
JOHN ELDEN Boston, Mass. 
FRANK New York City. 
Bruno Niagara Falls, Ont., Canada. 
| 
| 


MEMBERS. 


ALLEN, Worcester, Mass. 
Joun Henry Peoria, 

Lea Boxley, Va. 

CHARLES Canton, China. 
James Easton Detroit, Mich. 
Mortimer New York City. 

Gow, Boston, Mass. 

Henry James Cleveland, Ohio. 
Barton Canton, China. 
Ernest Matueson, New York City. 


ASSOCIATES. 


Henry New York City. 
JOHN Boston, Mass. 


The Secretary made the following announcements: 


The transfer the following candidates, the Board Direc- 
tion, May 1904: 
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From MEMBER MEMBER. 


New York City. 
New York City. 
Ernest Miami, Fla. 


The election the following candidates, the Board Direc- 
tion: 


May 3d, 1904, 
Epwarp St. Louis, Mo. 

May 1904, 
JosEPH MANUEL Santa Clara, Cuba. 
West Haven, Conn. 
Joun Ross Bates, Brooklyn, 
Ernest CRAWLEY, New Haven, Conn. 
Joun Jr., Baltimore, Md. 
Epwin Lortne Jr., Brooklyn, 


Adjourned. 
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THE BOARD DIRECTION. 
(Abstract. 


May 1904.—8.50 m.—Vice-President Deyo the chair; 
Chas. Warren Hunt, Secretary, and present, also, Messrs. Craven, 
Croes, Jackson, Knap, Noble, and Osgood. 

The following Committee was appointed arrange for the Annual 
Convention, which held the time the International Engi- 
neering Congress St. Louis, October 8th, 1904: George 
Pegram, Alfred Craven, Joseph Osgood, George Davison, 
Hunter McDonald and Chas. Warren Hunt. 

Schneider was appointed Chairman Committee Con- 
crete and Steel-Concrete. The Committee appointed made 
follows: Schneider, Greiner, Hatt, Olaf Hoff, 
Worcester. 

motion, the following resolution was adopted: 

That letter-ballots for admission the Society shall 
hereafter contain the following information only regard each 
candidate: 

His name. 

Date and place his birth. 

Date and place graduation (if any), with degree conferred. 


Present title (if any) and address. 
reference the Blue List which his record given 


The following resolution was passed: 


Resolved, That for remittances mailed after July 1904, the 
cost membership the International Engineering Congress 
increased $10, and said subscription membership must re- 
ceived before October 

The resignation Robert Pratt, Assoc. Am. Soc. E., was 
accepted. 

Applications were considered and other routine business transacted. 
Six Associate Members were transferred the grade Member, and 
six candidates for Junior were elected. 


Adjourned. 
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ANNOUNCEMENTS. 


every day, except Sundays, Fourth July, Thanksgiving Day and 
Christmas Day. 


MEETINGS. 


Wednesday, September 7th, 1904.—8.30 regular business 
meeting will held. Ballots for membership will canvassed, and 
two papers will presented for discussion, follows: The Instal- 
lation Pneumatic Pumping Plant,” Arthur Diamant, Jun. 
Am. Soc. E., and ‘‘Some Notes the Creeping Rails,” 
Samuel Tobias Wagner, Am. Soe. 

Both these papers were printed Proceedings for May, 1904. 


Wednesday, September 21st, 1904.—8.30 m.—At this meeting 
three papers will presented for discussion, follows: Gen- 
eral Methods for the Calculation Statically Indeterminate Bridges, 
used the Check Calculations Designs for the Manhattan 
Bridge and the Blackwell’s Island Bridge, New York,” Frank 
Cilley, B.; Rational Form Stiffened Suspension Bridge,” 
Gustav Lindenthal, Am. Soc. E.; and and Formulas 
for the Analytical Computation Three-Span Suspension Bridge 
with Braced Leon Moisseiff, Assoc. Am. Soc. 

These three papers are printed this number Proceedings. 


INTERNATIONAL ENGINEERING CONGRESS 
AND 
THIRTY-SIXTH ANNUAL CONVENTION THE SOCIETY. 


previously announced, the Programme the International 
Engineering Congress, which has been issued all members the 
Society, there will meetings the Congress each day, 
beginning Monday, October 3d, and continuing throughout the week, 
the last meeting the Congress being held Saturday morning, 
October 8th. Members the Society all grades are Members 
the Congress. 

The Thirty-Sixth Annual Convention the Society will held 
the afternoon Monday, October 3d, the Hall Congresses, 
Louisiana Purchase Exposition, 2.30 this meeting the 
President will deliver the Annual Address. the close the ad- 
dress the President, the business meeting required the Constitu- 
tion will held. meeting the Board Direction, required 


mined. 


~~, 
; 
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circular, relating hotel accommodations, which was prepared 
the Local Committee the Society St. Louis, has been issued 
all members, and this the Inside Inn” was recommended as, 
all things considered, the most available for members and their 
families. 

lower rate for transportation than the Exposition excursion rate estab- 
lished all railroads, this rate being less than the usual, one fare and 
one-third, round trip, convention rate. 

all members the Society who have, response the circu- 
lar already issued, specified the subjects their purpose discuss, 
copies such the papers have been printed advance form 
have already been forwarded, and, upon request; the Secretary wili 
glad forward such copies members who have not already asked 
for them. 

Owing the large number papers, which cover many subjects, 
will impossible forward Advance Copies all papers all 
members the Congress, and has been necessary restrict the 
issue Advance Copies those who expect present discussions 
either person the Congress letter. 


INTERNATIONAL ENGINEERING CONGRESS. 


CHAIRMAN: 


CHAIRMEN SECTIONS: 


Section A.—Waterways. 
ALFRED Past-President, Am. Soc. 


Section B.—Municipal. 


Section C.—Railroads. 


Section D.— Materials Construction. 


Section E.— Mechanical. 


Section F.—Electrical. 


q 
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Section G.—Military and Naval. 
Past-President, Am. Soc. 


Section H.—Miscellaneous. 


SECRETARY: 


COMMITTEE CHARGE ENGINEERING CONGRESS. 


Henry Chairman, Detroit, Mich. 
Secretary, New York City. 
Knap, Treasurer, New York City. 


Pittsburg, Pa. 


Charlestown, Va. 


Washington, 


JOSEPH Jr., 


St. Louis, Mo. 


New York. 


Post, 


New York. 


Jersey City, 


Chicago, 


New Orleans, La. 
MELVILLE, 


Philadelphia, Pa. 


New York. 
Hunter 
Nashville, Tenn. 


St. Louis, Mo. 
ALFRED CRAVEN, 


New York. 


New York. 


Davison, Pittsburg, Pa. 


COMMITTEE ARRANGEMENTS FOR THE ANNUAL 
CONVENTION. 


Chairman; 


ALFRED CRAVEN, 


Secretary. 


Davison, 


| 
| 
| 
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COMMITTEE ARRANGEMENTS FOR THE ENTERTAINMENT 
MEMBERS THE INSTITUTION CIVIL ENGINEERS. 


This matter the hands the following Committee: 
Am. Soc. E., St. Louis, Mo., Chairman. 


CHARLES ALLEN 

UNIVERSAL EXPOSITION, ST. LOUIS, 1904. 

The Society has undertaken provide for engineering exhibit, 
and the establishment Headquarters for visiting engineers the 
center the Liberal Arts Building, and the Board Direction has 
appropriated sufficient funds defray the necessary expense. 


fr 
fir 
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PRIVILEGES LOCAL SOCIETIES EXTENDED MEMBERS 
THE AMERICAN SOCIETY CIVIL ENGINEERS. 


The Boston Society Civil Engineers will welcome any member 
the American Society Civil Engineers its library and reading 
room, 715 Tremont Temple, Boston, which open week days 
from to5 Members will also welcome the meetings, 
which are held the same building the evenings the fourth 
Wednesday January, and the third Wednesdays other months, 
except July and August. 

The rooms the St. Louis Engineers’ Club, the business center 
St. Louis, will kept open during the World’s Fair season, May 
1st December 1904, and visiting engineers are cordially invited 
use them for mail, telephone service, information, etc. 

The courtesies the Engineers’ Society Western Pennsylvania 
have been extended members the American Society Civil En- 
gineers. The rooms the Society, 410 Penn Ave., Pittsburg, Pa., 
are open all times, and meetings are held follows, except during 
July and August. Secrion, Third Tuesdays; 
Thursdays following third Tuesdays; 
first Tuesdays; Fourth Tuesdays. 

The Western Society Engineers, Monadnock Block, Chicago, 
tenders members this Society the use its rooms and 
facilities, together with the good offices its Secretary and 
special committee appointed for that purpose. 

The Civil Engineers’ Club Cleveland, Ohio, invites members 
this Society make use the Club rooms, any time when 


Cleveland. Cards will furnished application the Secretary, 
Mr. Beardsley. 


SEARCHES THE LIBRARY. 


January, 1902, the Secretary was authorized make searches 
the Library, upon request, and charge therefor the actual cost 
the Society for the extra work required. Since that time many such 
searches have been made, and bibliographies and other information 
special subjects furnished. 

The resulting satisfaction, the members who have made use 
the resources the Society this manner, has been expressed 
frequently, and leaves little doubt that, were generally known 
the membership that such work would undertaken, many would 
avail themselves it. 

The cost trifling, compared with the value the time 
engineer who looks such matters himself, and the work can 


performed quite well, and much more quickly, persons familiar 
with the Library. 


As 
| 
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Copies all lists references are filed, that many cases 
only necessary make typewritten copy, which reduces the cost 

asking that such work undertaken, members should specify 
clearly the subject covered, and whether references general 
books only are desired, whether complete bibliography, involving 
search through periodical literature, desired. 


~ 


oo 
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ACCESSIONS THE LIBRARY. 
From May 11th August 6th, 1904. 


DONATIONS.* 


GENERAL INDEX THE STREET RAILWAY JOURNAL SUBJECTS AND 
AUTHORS. 


Oct., 1884, Dec., 1903, Including Vols. I-XXII. Cloth, 
ins., 162 pp. New York, McGraw Publishing Company, 1904. $5.00. 


This index covers the articles the American edition the Street Railway Journal. 
The differences the International edition are great that the index would prac- 
tically useless applied that. attempt has been made preserve the original 
captions the articles. Except the author’s index, the index one subjects, not 
titles, and long article, where different topics have been treated length, sep- 
arate entries these different topics have been made far possible. addition, 
all articles susceptible geographical designation have been indexed under the name 
the city country which the subject has pertained. For this reason, thought 
that the entries under each city will comprise practically all the references the paper 
events and apparatus that city. nearly all the cities the articles are in- 
dexed independently the names the street railway companies, except where they 
refer corporate events, such change officers, annual reports, etc. far 
article topic been entered under one heading only, but 

hat the system cross references adopted any important article can found 
readily little search. 


ELECTRICITY AND MATTER. 


Thomson. Cloth, 5ins., 162 pp., illus. New York, 
Charles Scribner’s Sons, 1904. 


these lectures, given Yale May, 1903, the author has attempted 
discuss simple and untechnical manner the bearings the recent advances made 
electrical researches upon the views the constitution matter and the nature 
electricity; two questions which the author’s opinion, are intimately connected, that 
the solution one would supply that the other. characteristic feature recent 
electrical researches, such the study and discovery Cathode and rays and 
radio active substances, has been the degree which they have involved the relation 
between matter and electricity. The contents are: Representation the Electric Field 
Lines Force; Electrical and Bound Mass; Effects Due the Acceleration Fara- 
day Tubes; The Automatic Structure Electricity; The Construction the Atom; 
Radio-Activity and Radio-Active Substances. 


LES ACIERS SPECIAUX. 


Aeiers Nickel, Aciers Manganése, Aciers Silicium. Par 
Léon Guillet. Préface Henry Chatelier. Paper, 11x ins., 
pp., illus. Paris, Vve. Ch. Dunod, 1904. 


The author has attempted, this work, show the recent industrial advancement 
and the progress the manufacture has himself made number ex- 
periments with special samples steel and this work gives the resuits and also 
shows the composition and treatment different kinds steel. This book intended 
study the micrography nickel, manganese and silicon steel. contains the 
analyses and diagrams tests various kinds for steel. account given the 
conditions under which these various alloys may used. 


FORMULAIRE DES CENTRAUX. 


Résumé, par Ordre Alphabétique des Cours Projéts 
Centrale, Augmenté Tables Usuelles d’un abrégé Legislation. 
Par B., Ingenieur des Arts Manufactures. edition, 
revue, corrigée complétée. Leather, 314 pp., illus. 
Paris, Vve. Ch. Dunod, 


This handbook contains solutions problems which engineers are obliged solve 
offhand. These were worked out the author the courses the Kcole Centrale. 


Unless otherwise specified books this list have been donated the publishers. 
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They are presented dictionary form and have been reduced pocket size. The 
author has tried exclude from the text all theories and long explanations order 
present the problems uniform and condensed manuer. The manufacturer may find 
and formulas for verifying any plans and the engineer may find convenient 
form the necessary matter for studying any project mechanics. construction, elec- 
tricity, hydraulics, 


BOILER CONSTRUCTION. 


Practical Explanation the Best Modern Methods Boiler 
Construction from the Laying Out Sheets the Completed Boiler. 
Frank Kleinhans. Cloth, ins., 421 pp., illus., plates. 
New York, Derry-Collard Company, 1904. $3.00. 


The preface states that the matter compiled for this work represents the most 
modern practice. trying get this matter such shape generally useful, 
the author has inadvisable illustrate and describe the methods used 
the builders each the many prominent boilers now being built for various classes 
work; and, the operations different makes boilers are similar each 
other, has been considered best devote section the description boilers 
general. Following this, the locomotive boiler taken the which the 
work goes through the shop. Sections are given testing boilers. and. finally, one 
section devoted useful tables. These tables have been grouped together, and are 
intended give, nearly possible, all the data necessary the construction 
boiler, together with the stresses which would set the various members due 
steam pressure and expansion. There alphabetical index ten pages. 


TREATMENT SEPTIC SEWAGE. 


pp. New York, Van Nostrand Company, 1904. cents. 


this book the author has attempted give some the more important develop- 
ments the bacterial treatment sewage, but, owing the limitations size, none 
these can considered very complete. The work is, effect, series hints, 
together with indications preferable treatment. The author states that such 
book there very little original work, and the facts and opinions are necessarily largely 
drawn from the studies others. attempt has been made, far possible within 
the limits book this size, place the septic method its proper relation 
other sewage disposal. 


TRAIN RULES AND TRAIN DISPATCHING. 


Practical Guide for Train Dispatchers, Enginemen, Trainmen 
and all who have with the Movement Trains. 


Dalby. Leather, 4ins., 221 pp., illus. New York, Derry-Collard 
Company, 


The author states that this book series suggestions which have come him 
from time time. dealing with these subjects has started the beginning, hop- 
ing able assist those who are need instruction. The author hopes that, 
with this book, the learner, with the experience himself may attain valuable 
degree with this hope that this volume offered the 
years experience operator and train dispatcher various parts the 
country. Some the subjects dealt with are: Standard code for both single and 
track: standard time all points; clearance cards; staff system running; 
protecting trains; special rules, train classification, rights, orders, signals and identi- 
fication; work trains and extras, location offices, ete. There index four 
pages. 


ELECTRICAL MOTOR INSTALLATIONS. 


Book for Factory Owners and Other Users Steam Power. 
Manchester, Scientific Publishing Company. shillings pence, net. 


The author has prepared this second edition, which great portion the matter 
the first edition has been re-written and many additions made. states that all 
technical terms have been avoided faras possible. The chapter motor installations 
actual use has been extended, and one has been added Electricity Col- 
liery Work. There are thirty-one additional illustrations and index three pages. 
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Abbot, am. 
urv. bound vol., 


Ala.—Geol vol., 
pam 

Allen, Kenneth. pam. 

Am. Electrochemical Soc. bound vol. 

Am. Gas Light Assoc. 

Inst. Elec. Engrs. vol. 

Am. Ry. Assoc. 

Am. Soc. Heating Ventilating Engrs. 
bound vol. 

Anthony, Charles, Jr. bound vol. 


Architekten Verein Berlin. pam. 

Barcelona. vol. 

Associacao dos Engenheiros Civis Portu- 


guezes. vol. 
vol. 


Augusta, Canals and Water- 
Works. 


Australasian Inst. Min. Engrs. 

Baterden. James pam. 


Binghamton, Y.—Board Health. 


am. 

Coal Trade Assoc. pam. 

Boletin Minas, Industria Construc- 
ciones. Nos. 

Boston, Mass.—City Auditor. vol. 

Boston, Mass.—City Engr. 

Boston Soc. Civ. Engrs. pam. 

Bowers, George. pam. 

Brit. Assoc. for the Advancement Sci. 


Brit. South Africa Co. 
the Interior. bound 
Canada—Tidal Surv. 
Canada Southern Co. 
Case School Applied Sci. pam. 
Chicopee, Mass.—Mayor. vol. 
Churruco, Evaristo de. 
City Club City. vol. 
City Record. vol. 
Clarke, bound vol., pam. 
Committee Locomotive Carriage 
Supts. for India. bound vol. 
Concord, H.—Water Commrs. pam. 
Conn. Soc. Civ. Engrs. vol. 
Delaware College. 
Dept. for Offentlige Arbeider den Ten- 
iske Revision. 
Emperger, Fritz von. pam. 
Eng. Standards Committee. 
Engrs. Club bound vol. 
Engrs.’ Soc. Western Pa. pam. 
Erie, Water Works. 


pam. 
vol. 


am. 
Field Columbian Museum. pam. 
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Gifts have also been received from the following: 


Forney, 

France—Ministére des 

Francis, George pam. 

Fuller, Geo. vol. 

Gayol, bound vol. 

Glasgow Corporation Tramways. 

Great Britain—Patent Office. 


pam 
Hartford Steam Boiler Inspection and In- 
surance Co. bound vol. 
Mass.—Board Water Commrs. 
pam 
Hawaii—Territorial Meteorologist. 
Hill, William 


Travaux Publics. 


pam. 
vol., 


am. 
Huergo, Luis bound vol., vol. 
Exper. Station. bound vol. 


vol., 


Warehouse Comm. bound 


vol. 
Engrs. and Surv. vol. 
Incorporated Assoc. Mun. and County 
Engrs. bound vol. 
India—Director Ry. Construction. 
bound vol, 
Indian Midland Ry. Co. pam. 
Inst. Civ. Engrs. 
Inst. Junior Engrs. bound vol. 
Inst. Mech. vol. 
Inst. Naval Architects. bound vol. 
Jackson, pam. 
Jacksonville, 
Jacobs, Charles vol. 
Earthquake Investigation 
Comm. 
Jenkins, Wm. 
Technische Hochschule Aachen. 


pam. 
bound vol. 


pam 
Krzyzanowski, 


Lake Shore and Southern Ry. 


Lake Superior Min. Inst. 
Lange, vol. 
Leland Junior Univ. vol. 
Lewis, vol. 
Lynn, .—City Messenger. 


pam. 


bound 


Mass.—Pub. Water Board. pam. 
Works Dept. bound vol. 


Manchester, -—Board Water 
Commrs. pam. 


Marburg, Edgar. vol. 
Commrs. 


Geological Surv. pam. 
ass.—Met. Water and Sewerage Board. 

bound vol 

Mass.—R. Commrs. bound vol. 

Mead, Elwood. 

Met. Ry. Co. 

Mittheilungen Uber Gegenstande Des Ar- 
und Genie-Wesens. vol., 
pam.. nos. 

Mont.—Bureau Agri., Labor and Indus- 
try. pam. 


Montreal—Harbour Commrs. pam. 
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Tenn.—Mine Inspector. vol. 

National Mosquito Extermination Soc. 
bound vol. 

New Bedford, Mass.—Supt. Streets. 


pam. 

New Bedford, Mass.—Water Board. pam. 

New Britain, Conn.—Board Water 
Commrs. pam. 

J.—Commr. Pub. Roads. bound 


vol. 
J.—Health, Board of. bound vol. 


vol. 

New South Wales—Dept. Mines Agri. 
bound vol., vol. 

New South Wales—Dept. Pub. Works. 
bound vol. 

New South Wales—Met. Board Water 
pam. 

City—Art Comm. pam. 

City—Tenement House Comm. 
bound vol. 

Niagara. 

State—Dept. Labor. bound vol. 

State—Pub. Bldgs., Dept. of. 
bound 

New Zealand—Registrar-General. bound 
vol., vol. 

Newport, Ky.—Water-Works. pam. 

Newton, Mass.—City Engr. 

Noble, Alfred, vol. 

C.—State Board Health. pam. 

North-East Coast Inst. Engrs. and Ship- 

builders. vol. 
Oesterreichischer Ingenieur und Architek- 
ten Verein. 
Ohio—Geol. Surv. bound vol. 
Ohio—State Board Health. bound 


vol., 

Ohio Survs. and Engrs. vol. 

Otagawa, pam. 

Pa. Co. pam. 

Princeton Club bound vol. 

Providence, I.—City Engr. 

Providence, I.—Commr. Dams and 
Reservoirs. vol. 

Purdue Soc. Civ. Eng. pam. 

Richardson, Clifford. pam. 

Ripley, Joseph. 

Rose Polytechnic Inst. vol. 

Sacramento, Cal.—Surv.-Gen. pam. 

Gesellschaft. bound 
vol. 

Sociedad Cientifica Argentina. 

Soc. Engrs. bound vol. 

Soc. Naval Arch. and Marine Engrs. 
bound vol. 
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Somerville, Mass.—Board Health. 


pam. 
Somerville, Mass.—City Clerk. 
Somerville, Commr. 


pam. 
South Eastern Ry. Co., London, Eng. 


pam. 
Springfield, Driveway and 
Park District, Board Trustees. 


am. 

Stevens Inst. Tech. 
Svenska 
Tenn.—Chf. Mine Inspector. vol. 

Univ. vol. 

Tripp, Oscar vol. 

Bureau Medicine and Surgery. 


4 
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Bureau Statistics. bound vol. 
Census Bureau. bound vol., 
am. 

Chf. Engrs. specif. 

Chf. Ordnance. bound vol. 

Commr. Labor. vol. 

Director the Census. pam. 

Div. Foreign Markets. pam. 

pam., Geologic Atlases. 

Interstate Commerce Comm. bound 


pam. 


Nautical Almanac Office. bound 


<4 
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Office Pub. Road Inquiries. 

pam. 

U.S. Weather Bureau. bound vol., 
pam. 

United Water Improvement Co. pam. 

Univ. Mich. Eng. vol. 

Univ. Minn. vol., pam. 

Univ. Mo. vol., pam. 

Univ. Texas Mineral Surv. vol. 

Univ. Vermont. pam. 

Univ. Wis. 

Wager Computing Scale Co. diagram. 

Washington Univ. 

Va.—Chf. Mine Inspector. bound 


vol. 
Wilmington—Board Park Commrs. 


pam. 

and Natural History Surv, 
vol. 

Woburn, Mass.—Water Dept. 

Worcester, Mass.—City Engr. 

State Geologist. pam. 
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PURCHASE. 


Traite Theorique Pratique des Moteurs Gaz Petrole. 
Par Aimé Witz. édition, Refondue Entiérement Remaniée. 
Paris, Bernard, 1903-1904. 


Treatise the Principles and Practice Dock 
Brysson Cunningham, Assoc. Inst. London, Charles 
Griffin Company, Limited, 1904. 


Report the Departmental Committee the Use Electric- 


ity Mines; appointed Principal Secretary State for the 
Home Department. London, 1904. 


Traite Pratique Traction Electrique. Par Barbillion 
Griffisch. Paris, Bernard Cie, 1903. 


Berechnung und Konstruktion der Schiffsmaschinen und -Kessel: 
Ein Handbuch zum Gebrauch fiir Konstrukteure, Seemaschinisten 
und Studierende. Von Bauer, unter Mitwirkung der Ludwig, 
Boettcher und Foettinger. Zweite vermehrte und verbesserte 
und Berlin, Oldenburg, 1904. 


Official Gazette the United States Patent Office. vol., 
106 nos. 


Report the Warrior Coal Basin. Henry McCalley, As- 


sistant State Geologist, Geological Survey Alabama. Jacksonville, 
Fla., 1900. 


The Encyclopedia Americana. General Dictionary Arts and 
Sciences, Literature, History, Biography, Geography, etc., the 
World. New York, Chicago, The American Company. 


Engineering Standards Committee. Report the Influence 
Gauge Length and Section Test Bar the Percentage Elonga- 


tion. Unwin. London, Crosby Lockwood and Son, 1903. 
(British Standard Sections, No. 3.) 


Engineering Standards Committee. Beams. London, Crosby 
Lockwood and Son, 1903. (British Standard Sections, No. 4.) 


Die Dampfturbinen mit einem Anhange uber die Aussichten der 
und die Gasturbine. Von Dr. 


Stodola. Zweite, bedeutend erweiterte Auflage. Julius 
Springer, 1904. 


The Metallurgy Steel. F.W. Harbord; with Section 
London, Charles Griffin Company, 1904. 


Sciences Arts Militaires. Organisation Militaire—Tactique— 
Artillerie—Transports Suite des Armées Droit Militaire. Par 
Emile Dardart, Capitaine Coloniale. Paris, 
Vve Ch. Dunod, Conducteur Travaux 
Publics. 
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Entropy; or, Thermodynamics from Engineer’s Standpoint, 
and the Reversibility Thermodynamics. James Swinburne. 
Westminster, 1904. 


The Experimental Bacterial Treatment London Sewage,. 
being Account the Experiments carried out the London 
County Council between the years 1892 and 1903. Frank Clowes 
and Houston. Printed for the London County Council, Lon- 
don. 


Ready Reference Tables, Vol. Based the Accurate Legal 
Standard Values the United States, Conveniently Arranged for En- 
gineers, Physicists, Students, Merchants, etc. Carl Hering, Past- 
Pres., Am. Inst. New York, John Wiley and Sons; London, Chap- 
man and Hall, Limited, 1904. 


The Theory the Lead Accumulator (Storage Battery). 
Friedrich Dolezalek. Translated from the German, with the Sanc- 
tion the Author, Carl von Ende. New York, John Wiley and 
Sons; London, Chapman and Hall, Limited, 1904. 


English and American Steam Carriages and Traction Engines.. 
William Fletcher, Inst. Mech. New York, Longmans, 
Green Co., 1904. 


Michigan Engineer. Containing the Proceedings the Michigan 
Engineering Society for 1904. Published the Society, Climax, 
Mich. 


Trow’s General Directory the City New York. Vol. 
1904. New York, Trow Directory Co. 


SUMMARY ACCESSIONS. 
May 11th August 6th, 1904. 


Donations (including duplicates and numbers 


completing volumes 676 


Affa 
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MEMBERSHIP. 


ADDITIONS. 


AHERN, Engr., Geological Survey, Recla- 

Barnes, Grant. Junior Engr., Assoc. 


Gen. Mgr., Southern Creosot- 
ing Co., Box 37, Slidell, 


Jun. 


Conn, Winstow. Chf. Engr., Transit Finance Co. 
New York and Philadelphia, 2126 Land Title Bldg., 

Asst. Engr., Ry. Co., 502 Read- 
ing Terminal, Philadelphia, 


Emory Dwight St., Holyoke, 


Guy Cons. Civ. Engr., Grovenor 
Francis, Engr. Hydr. Locks, Assoc, 
Trent Canal, Peterborough, Canada. 
Warren. (Rudolph Hering 
George Fuller, and San. Engrs.), 
170 York City............ 
Homer. Engr., Geological Survey, Reclama- 
tion Service, 1108 Braly Bldg., Los Angeles, Cal... 
Atonzo City Engr., South Bend, Ind...... 
Engr., Engr. Office, Sterling, 
Harrison Bldg., Philadelphia, 


ton Bridge Works, Inc., Cambridge, Mass. 


Union Station, Harrisburg, 
(Gow Palmer, Civ. Engrs. and 

Congress St., Boston, 
Henry Secy., Gen. Mgr. and Chf. Engr., 
Kinloch Telephone Co., St. Louis, 


Date 
Membership. 


May 
Nov. 
May 31, 


June 
Sept. 
June 


June 
June 
June 
June 


May 
May 
April 


May 31, 


May 
June 
Sept. 
May 31, 
April 
May 31, 
May 
May 


May 
July 
May 
May 
May 


June 


1904 
1898 
1904 


1904 
1888 
1904 


1904 
1904 
1904 
1904 


1904 
1901 
1904 


1899 
1904 


1904 
1904 
1892 
1901 
1904 
1897 
1904 


1904 
1890 
1898 
1904 
1904 


1904 


1904 
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Broad St., New York City....... 

Orro Engr. Chg., The Ontario Power Co., 
Niagara Falls, 

Gen, Mgr., Tees Side Bridge Eng. 
Works, Ltd., Middlesbrough, 

Chf. Engr., Carnegie Steel 
323 Swissvale Ave., Edgewood Park, 

Engr. Office, Miami, Fla ........... 

James Lawrence. City Engr.; Engr., Assoc, 
Holyoke Water Works, Holyoke, Mass 


Subway Constr. Co., 1170 Broadway, Assoc. 


ASSOCIATE 


Worcester Poly.-Inst., Worcester, 
Prin. Asst. Engr., West Indies 
Constr. Co., Box 664, San Juan, Porto 

CHARLES Red Lodge, Mont........ 
Chamber Commerce Bldg., Denver, Colo............ 


Lea. Asst. Engr., Ry., Boxley, Va. 
Easton, Cons. Bridge and Structural 
645 Fourteenth Ave., Detroit, Mich.................. 
Foster, (Foster, Gade Graham, Archts.), 
Fourth Ave., New York 
Gow, (Gow Palmer, Civ. Engrs, and 
Montview St., Roxbury, 
Hoyt, Geological Survey, Washington, 
Scorr. 1140 Bloomfield St., Hoboken, 
Supt. Mines, Mountain Copper Co., 
Ltd., Iron Mt., Keswick, Cal..... 
Francis. Cobre Mines, Santiago, Cuba.... 
Orton. Bronson Pl., Toledo, Ohio 
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1904 
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Comm., 308 West 30th New York May 1904 
Barton. Care, Isthmian Canal Comm., Gatun, 
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Burton. 120 Liberty St., New York City. Mar. 1904 
Root, Stanton. Office Terminal Engr., Grand 
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SHELLEY, Procter. Cornwall, Contra Costa Co.,Cal. April 1904 
Epwin Jr. Care Shawmut Machinery Co., 

Lincoln St., Boston, Mass........ May 31, 1904 
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Pa. 
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Bank Bldg., Birmingham, Ala. 
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Engr., Jerome Park Reservoir, 
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peka, 
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Room 528, Crossley Bldg., San Fran- 
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died June 13th, 1904. 
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MONTHLY LIST RECENT ENGINEERING ARTICLES 
INTEREST. 
(May 11th August 3d, 1904.) 


list published for the purpose placing before the members 
the Society the titles current engineering articles, which can referred 
any available engineering library, can procured addressing 


the publication direct 
possibie. 


ly, the address and price being given wherever 


LIST PUBLICATIONS. 
the subjoined list articles references are given the number pre- 


each journalin this list. 


(1) Journal, Assoc. Eng. Soc., 257 South 
Fourth Pa., 30c. 

(2) Proceedings, Engrs. Club Phila., 
1122 Girard St., Philadelphia, Pa. 

(3) Journal, Franklin Inst., Philadel- 
Pa., 

(4) Journal, Western Soc. Engrs., Mo- 
nadnock Block, Chicago, 

Transactions, Can. Soc. E., Mon- 
treal, Canada. 

School Mines Quarterly. Columbia 
Univ., New York City, 50c. 

Technology Quarterly, Mass. Inst. 

ech., Boston, 75c. 

Stevens Institute Indicator, Stevens 
Inst., Hoboken, J., 50c. 

(9) Engineering Magazine, New York 

25c. 
(10) Magazine, New York City, 


Engineering (London), Wiley, 
New York City, 25c. 
(12) The International 
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News, New York City, 


(14) The Engineering Record, New York 
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(1s) Railroad Gazette, New York City, 


and Mining Journal, 
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City, 35c. 
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Chicago, IIl., 
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(23) Bulletin, American Iron and Steel 
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(as) Engineer, New York City, 


Eng- 
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(27) Electrical World and Engineer, New 
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(28) Journal, New Water-Works 
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Journal, Society Arts, London, 
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Paris, France. 

{33) Génie Civil, Paris, France. 
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chines, Paris, France. 


(35) Nouvelles Annales Construc- 
tion, France. 

(36) Revue Technique, Paris, France. 

(37) Revue Mécanique, Paris. France. 

(38) Revue Générale des Chemins Fer 
des Tramways, Paris, France. 

(39) Master Mechanic, Chicago, 

Railway Age, Chicago, 10c. 

41) Modern Machinery ,Chicago. 


(42) 

(43) Annales des Ponts Chaussées, 
Paris. France. 

(44) Journal. Military Service Institu- 
tion, Governor’s Island, New York 
Harbor, 50c. 

(48) and Minerals, Scranton, Pa., 


(46) American, New York City, 


(47) Mechanical Engineer, Manchester, 
England. 

Transactions, Am. Soc. E., New 
York City, 

Transactions, Am. Soc. E., New 
York City, $10. 

(56) Transactions, Am. Inst. Min. Engrs., 
New York City, $5. 

(57) Colliery Guardian, London, England. 

Proceedings, Eng. Soc. Pa., 410 
Penn Ave., Pittsburg, 50c. 

Transactions, Mining Inst. Scot- 
London and Newcastle-upon- 

(60) Municipal Engineering, 
olis, Ind., 25c. 

(61) Proceedings, Western Railway Ciub, 

225 Dearborn St., Chicago, 25c. 

(62) American Manufacturer and Iron 
World, Ninth St., Pittsburg, Pa. 

(63) Minutes Proceedings, Inst. E., 
London, England. 

(64) Power, New York City, 20c. 

(65) Official Proceedings, New York Rail- 
road Club, Brooklyn, Y., 15c. 

(66) Journal Gas Lighting, London, 
England, 15c. 

(67) Cement and Engineering News, Chi- 
cago, 

(68) Mining Journal, London, England. 

(69) Mill Owners, New York City, 10c. 

(70) Review, New York City, 


Transactions, Am.Inst. Elec. Engrs., 
New York City, 50c 


Indianap- 


(71) Journal, Tron and Steel Inst., London, 
England 


glan 

(72) Street Railway Review, Chicago, 30c. 

(73) Electrician, London, England, 

(74) Transactions, Inst. Min. and 
Metal London, England. 

Proceedings, Inst. Mech. Engrs., 
London, England. 

(76) Brick, Chicago. 10c. 

(77) Journal, Inst. Elec. Engrs., London, 
England. 
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LIST OF. ARTICLES. 
Bridge. 


The Marsh River Bridge.* Herbert Wild, Jun. Am. 
52. 
Design Railroad Bridge. Wm. Burr and Falk. (6) 


Calculation Stress from Actual (21) May. 
Novel Piece Bridge Construction Lawrence, Mass.* Brown, Assoc. Am. 
Soc. (13) May 12. 
The Troitsky Bridge, St. Petersburg. (14) May 14. 
Arch Bridge across the Great Miami River, Dayton, Ohio.* (13) 


19. 

Stood without End Post.* John Moses, Assoc. Am. Soc. 
(13 19. 

Conway Suspension Bridge.* (12) May 20. 

Ballasted Railroad Bridge with Plank Floor.* (14) May 21. 

Details Bridge Construction; Plate Girders.* Frank Skinner. 

Ballasted Floor Through-Span Bridge for the Santa May 27. 

The Substructure the Fraser River Bridge.* (14) May 28. 

Transporter Bridge across the Canal.* (46) May 


Progress Railroad Bridge Building. cMath. (Address delivered before the 
Detroit Engineering Soc.) (1) June. 


The Landwasser Viaduct the Albula Railroad.* (15) June 

The Elizabeth Bridge, Buda-Pest.* (19) Serial beginning June 

French Breaking Test Reinforced Concrete Bridge Trusses.* Leon 

Articulations Granite for Bridges.* (12) June 10. 

The City Island Bridge, New York.* (14) June 

The River Bridge.* (14) June 11. 

The Eastern Oklahoma Railway Line and Bridges.* Patten. (40) June 17. 

Railway Bridge over the Clyde Uddingston.* (11) June 17. 

Short-Span Bascule Bridge New York City.* (14) June 18. 

Three-Track Girder (14) June 18. 

The Mingo Bridge Approaches.* (14) Serial beginning June 25. 

The Woodsville Railroad and Bridge.* (14) June 25. 

Arched Ribs. (21) Serial begianing July. 

Architectural Features the Manhattan Bridge.* July 

The Connel Ferry Cantilever Bridge, Scotland.* (14) 

The Manhattan Bridge Across the East River, New York City: Revised plans.* (13) 
July (14) July (46) July (20) July 

The First Iron Railroad Bridge.* F.C.Coleman. (15) July 

The Broadway Bascule Bridge Milwaukee, Wis.* John Geist. (13) July 14. 

Some the Design Reinforced Concrete Bridges. Douglass. 

13) July 14. 
The Paoli Trestle the Monon.* A.E.Kemmer. (15) July 


Serial beginning July 15. 


The St. Joseph Drawbridge the Pere Marquette.* (15) July 22. 
The Erection Three-Span Plate-Girder Bridge.* (14) July 
Replacing Double-Track Drawbridge.* (14) July 30. 
Concrete-Steel Bridges Dayton, O.* (60) Aug. 

Pont Luxembourg.* Bonnin. (36) May 25. 

Pont Béton Armé, Soissons* Riboud. (33) June 18. 


Reconstruction Pout sur Trent Compagnie Midland Railway (Angle- 
terre).* (33) July 


Electrical. 


the Calculation Line Batteries.* W.E. Winship. 4?) Apr. 

Wave Form Variations Long-Distance Line.* George Rowe. (42) Apr. 
Data and Tests 000 Alternator.* (42) Apr. 
The Single-Phase Induction Motor.* William Franklin. (42) Apr. 


the Magnetic Induction Motors, and its Influence the Design 
These Machines. ans Behn-Eschenburg. 


(77) Apr. 
Accumulator for Automobiles. Assoc. Inst. (77) 
Apr. 
Sparking Direct-Current Machines.* Waters. (42) 


pr. 


May. 
The Rated Speed Electric Motors Affecting the Type 


ay. 
Three-Phase With Special Reference the Dublin System.* Wm. 


The Central Electric Supply Co.’s Station.* (26) Serial beginning May 
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Steam Alternator Bedford.* (12) May 

Some Properties Alternators under Various Conditions Load.* Atchison. 
(Abstract Paper read before the Inst. Serial beginning May 

The Engineering Laboratories the South-Western Polytechnic, London. (47) May 

Power Station Design. Wm. McLellan. (Paper read before the Inst. 
E.) (26) May 13; (47) Serial May 

Street Lighting Nernst Lamps. enry Joseph. (26) May 13. 

The Conductometer. Rollo Appleyard. (26) Serial beginning May 13. 

Switchboard the London County Council Tramway Power House.* 
(73) May 18. 

Automatic Protective Devices for Electrical Circuits.* (73) May 13. 

Wind Vane and Anemometer for School Use.* 
(19) 

The Hewitt Mercury Vapour Magnus MacLean. (Paper read before the Inst. 
Engrs. and Shipbuilders Scotland.) (47) May 14. 

Hudson River Powerin Albany, Troy and Schenectady.* (27) May 14. 

Boring Armature Bearings.* Baird. (72) May 20. 

The Cable Steamer (73) May 20. 

Sheaths. M.B. Field. (Abstract Paper read before the Inst. E.) 

20. 

Induction Coil Design.* Mortimer Codd. (26) Serial beginning May 20. 

Manchester Traction, Light (72) May 20. 

Expansion the Boston Edison (27) May 21. 

Some Aspects New England Central Station Development. (27) May 21. 

Résumé Incandescent Electric Lamp Exhausting.* (27) May 21. 

Measurement the Insulation Resistance Electric Wiring System.* Edwin 
(27) May 21. 

The Protection Telephone Telegraph Lines when Hazardous Proximity 
High-Tension Lines.* Robert Chetwood, Jr. (27) May 

The Magnetite Arc Lamp.* Charles Proteus Steinmetz. (27) May 21. 

Storage Battery Plate Construction with Special Reference High Discharge Charac- 
teristics.* W.W. Donaldson. (27) May 21. 

The Nernst Lamp.* (27) May 21. 

Self-Cohering Keceiver.* Edward Van Winkle. (27) May 21. 

General Electric Oil Switches.* (27) May 21. 

Cape Town Corporation Electricity Works.* (73) Serial beginning May 27. 

The Steam Turbine Applied Electrical Charles Parsons, 
Gerald Stoney and Martin. (Paper read before tne Inst. E.) (73) Serial 
beginning May 27. 

Electric Gear for Driving Bending Rolls.* (12) May 27. 

The Repulsion Motor. (26) beginning May 27. 

Electric Water Power Staticn New Hampshire.* (27) Serial beginning 

28. 

Expression for the Torque Polyphase Wattmeter.* F.R.Stowe. (27) May 28. 

Alternating-Current Wave Form Analysis. Kintner. (27) May 28. 

The Principles the Repulsion Motor.* George Hanchett. (17) May 28. 

Recording Alternating-Current Wave-Forms Duddell (19) May 28. 

Electric Power Transmission.* Lewis Buckley Stillwell. (10) 

une. 

The Distribution Electric Power from Transmission Systems. Louis Bell. (10) June. 

Electric Power from Shawinigan Falls, Carada: Part Hydraulic Development.* 
Wallace Johnson; Part If.—The Electric Transmission Plant.* Ralph Mer- 
shon. (10) June. 

Electric Power European Collieries.* C.S. Vesey Brown, (10) June. 

Electric Power Manufacturing Dugala and Jackson. (10) 


Electric Welding Development.* Elihu Thomson. (10) June. 
Electricity and Light. Charles Proteus Steinmetz. (10) June. 
Transformers for Long-Distance Power Transmission.* Peck. (10) June. 
Electric Power Transmission. Paul Lincoln. (10) 

une. 

Metamorphosis Wireless-Telegraph Apparatus.* Frederick Collins. (9) June. 
Method Making Electrical Survey Y.* (60) June. 


une. 


The Utilization Niagara Power.* (Paper read before the Engineers’ 
Soc. Western New York.) June. 

New Portable Capillary Electrometer.* (24) June 

Automatic Protective Devices for Electrical Circuits.* (26) Serial beginning June 

Conduits and (26) June 

The Cost Electric Energy.* Addenbrooke. (11) June 

The Dick-Kerr High-Tension Oil Switch.* (73) 

Ferraris Field Detector Hertzian Waves.* Riccardo Arnd.* (73) June 

Kettering Electricity Works.* (26) 
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Efficiency Curves Rotary Converters. McAllister. (27) June 
The New Electric Works Neuchatel, Switzerland.* (14) 
New Standard Wave-Length.* James E.Ives. (27) June 
The Continuous Protection Conductors.* Wireman. June 10. 
Why Use Carbon Brushes the Modern Burleigh. (26) June 
The New Hoiborn Telephone Exchange.* (73) June 10; (26) 
Derby Electricity Works and Tramways.* (73) Serial beginning June 10. 
Experiments With the Magnetic Detector.* (27) 
Hudson River Power the General Electric Works.* (27) June 11. 
The Electric System June 17. 
Faversham Electricity Works.* (73) 
The Berthier Actino-Electric Transformer.* Emile Guarini. June 18. 
Exhibits the Westinghouse Companies atthe St. Louis Fair.* (18) June 18. 
Influence the Line the Operation Synchronous Motors.* (27) June 18. 
Variation Motor Speed With Variable Line Voltage.* Dickson. (27) June 18. 
Storage Battery Plate Construction. Rabenalt. (27) June 18. 
The Power Plants the New Orleans Railways Company.* (17) June 18. 
Practical Current Testing.* Chas. Smith, Assoc. Inst. (47) 
Serial beginning June 18. 
The Missouri River Power Station the Metropolitan Street Railway Company 
Kansas City, Mo.* Howard Prescott Quick. (72) 
The Commercial Testing Sheet Steel for Electrical Purposes.* Skinner. (Paper 
read before the Amer. Soc. for Testing (20) June 23. 
Electrical Plant Heysham Harbour.* (73) Serial June 24. 
Cooper Hewitt Mercury Vapor 
une 25. 
Canadian Works the Westinghouse Company.* (27) 
Foucault Pendulum System.* Ernest Adams. June 
High Tension Transmission for Electric Railways.* Davis, Jr. (Paper read 
before the New England St. Ry. Club.) June 25. 
Lost and Unaccounted-for Current.* (Paper read before the 
National Elec. Light Assoc.) (24) Serial beginning July Abstract (27) June 25. 
Remodeled Studebaker Power Plant South Bend, Indiana.* (14) June 
Some Details Electric Railway Power Station Canton, Ohio. (14) June 25. 
Ondometer for the Measurement Wireless Telegraphy Waves.* 
19) June 25. 
The Edison Storage Battery.* (11) 
The Induction Motor Diagram.* Parker. (26) 
Photometric Tests (73) July 
Deltabeston Magnet Wire.* (17) 
the Electric Company the Louisiana Purchase Exposition.* 
27) 
Iron Losses Loaded Transformers.* Johonnott. (27) July 
Kingsbridge Power Station the New York City Railway Company.* (14) July 
(17) July (27) July 
The Large Switchboard the St. Louis Exposition.* July 
Light and Power for the City Geneva.* (19) July 
Peruvian Transmission Plant.* Kenyon. (27) July 
Use the Earth asa Return Conductor Connection with Electrical 
Installations.* (19) July 
The New Two-Phase Station Sheffield.* (73) 
Organization Meter and Testing Department. Cridge. (Paper read before 
the Incorporated Mun. Elec. Assoc.) (73) 
The Commercial Testing Sheet Electrical Purposes.* (27) July (47) 


uly 

the Parallel Working Delta- and Star-Connected Three-Phase Transformers.* 

Kennelly and Whiting. (27) July 
The Electrical Equipment Overhead Travelling Cranes.* (26) July 15. 
The Station tie Sheffield Electricity Department.* (26) Serial be- 
ginning 

Polyphase Pearce. Paper read before the Incorporated 
un. Elec. Assoc.) (26) Serial beginning (73) Serial beginning July 15. 

Power Plant the St. Louis Exhibition.* (22) Serial beginning July 15. 

The St. Louis Exhibition: Electrical Exhibits.* Serial beginning July 15. 

The Westinghouse the St. Louis Exhibition.* (11) July 

Self Exciting and Compounded (73) July 15. 

The Westinghouse Unit-Switch System Multiple-Unit Train Control.* (73) July 15. 

the st. Louis Exposition and the the Bui (19) 
uly 16. 

The Inverted Repulsion Motor.* (27) July 16. 

The Rochefort System Wireless Telegraphy.* Frederick Collins. (27) July 16. 

New Telephone Exchange Buda-Pest, Hungary.* oseph Hollos. (27) Jul 

The isation Feeders and Networks.* Horace Boot. (26) July 


mp.* Freudenberger. 
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Engines Cruisers Kent, Lancaster and Cornwall.* (11) May 18. 
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Electrical—(Continued). 


Storage Batteries. (26) July 22. 

Voltage Regulation Alternating Current Systems. Meyer. (Paper read before 
the Liverpool Eng. Soc.) (11) Serial beginning July 22. 

The Catawba River Power Development near Rock (14) Serial 
beginning July 23. 

ower Development the Catawba River, Near Rock (27) 

uly 

the Complex Product Electromotive Force, Current and Other Vectors. Henry 
Eddy. (27) July 23. 

Motor-Driven Tools the World’s Fair, St. Louis.* (27) July 23. 

Insulator Pins for Transmission Lines. Alton Adams. (10) Aug. 

Notable Mexican Hydro-Electric Plant.* Robert McF. Doble. (9) Aug. 

Note surla Régulation des Groupes Electrogénes.* (32) May. 

Usine Hydro-Electrique Kykkelsrud (33) May 21. 

Télégraphes pour Transmission des Signaux Bord des Navires.* 
Ramakers. (33) June 


Marine. 


Ellis anc Eaves’ System Induced Draught Applied Marine Boilers.* (11) May 
Fire Prevention Board Ship. Edwin Sachs. (Paper read before the Inst. Naval 


Some Results Model Experimeuts.* R.E. Froude. (Paper read before the Inst. 
Naval Archts.) (12) May 


Travelling Shipyard Crane Vulcan Works, Bredow, Stettin.* (11) May 20. 

The Heeling and (Paper read before the Inst. Naval 
Archts.) (11) Serial be; May 27. 

The Problem the Screw Propeller.* John Lowe. (19) May 28. 

Warships with Six Propellers: Some Early Russian (10) July. 

Torpedo-Boat Destroyer Welland.* (11) 

Progress Warships and Machinery Building England. (12) 

Water-Tight Subdivision Warships. William Hovgaard. (Paper read before 
Naval Archts. and Marine Engrs.) (12) July 

The Submarine Torpedo Tube.* (46) July 


Kstimating the Coal Endurance Naval Vessel.* Taylor. (13) 
uly 


Launch the Cunard Liner Caronia.* (12) July 15; (11) July 15. 

The White Star Steamship Baltic.* (46) July 16; (15) July 15; (10) Aug. 
Plant for Floating Dock.* (12) 22. 

The New French Battleship Democratie.* Field. (46) July 23. 


Mechanical. 


The Newcomen Engine.* Henry Davey, Mech. No. 1903. 
the Efficiency Centrifugal Pumps.* Thomas Stanton. (75) No. 
1998, 

The Gas Stove Considered from Chemical and Sanitary Standpoint. Francis 
Phillips. (58) Feb. 

Analyses Lubricating Greases. Conradson. (Paper read before the Engrs. 
Soc. Western Chem. Section, and the Amer. Chem. Soc.) Mar. 

Gas Power. Dowson, Assoc. Inst. (77) Apr. 

Modern High-Speed Steam Engines. (12) Serial beginning Apr. 15. 

Wire Ropes.* Westgarth. (Abstract Paper read before the National Assoc. 
Colliery Managers.) (22) Apr. 29. 

The Steam Turbine.* William Chilton. (77) May. 

The Control Furnace Combustion.* May 

Some Early Machine Tools. (12) beginning May 

Clearances Reamer Cutters.* (47) May 

The Engineering Laboratories the South-Western Poiytechnic, London. May 

Mechanism Internal-Combustion Engines.* Robert Phillips. 

May 
Anti-Friction Alloys. John Buchanan. (47) May 


y 
Belt for Automatically Manufacturing Steel Sprocket Chains.* 
12. 


The Burger Automatic Gas Engine.* (20) May 12. 

Specifications for Machine Tools. (13) May 12. 

Balanced Cable Cranes for Handling Excavated Material Devonport, England, and 
Zambesi Falls, South Africa.* (13) May 12. 

The Laval Steam Turbine.* Charles Garrison. (From Proceedings the Society 
Arts.) (62) Serial beginning May 12. 

Steam Turbine Discs. Maurice FitzGerald. (12) May 13. 


The and the Practical Utility Superheated Steam. Robert Smith. 
13. 


Deschamp’s Down Draft Gas Producer. (22) May 
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Mechanical—(Continued). 


Westinghouse-Parsons Steam Turbine.* (27) May 14. 

New Steam Turbine Development. (17) May 14. 

Tests the Newport Station the Old Colony Street Railway. 
(14) May 14. 

Motor Cars.* Alexander Govan. (Paper read before the Inst. Engrs. and Ship- 
builders Scotland.) (47) Serial beginning May 14; (62) Serial beginning June 30. 

The Gasoline Engine Appli 


ied Automobiles.* Albert Clough. (Lecture before 
the Boston Automobile School.) (47) May 14. 


Few Notes the Steam Turbine. Parsons. (Abstract Paper read before the 
Inst. E.) (19) May 

Continuously-Propelled Automobile Trains.* Emile Guarini. (19) 

Discussion Published Data the Thermal Efficiency the Rotary Kiln, and Possible 
Reduction Fuel Requirement. Henry Spackman, Am. Soc. (14) May 14. 


Electrically-Driven Rolling Mills.* (Abstract Paper read before the 
Verein Deutscher (20) May 19. 


The Development the Parsons Steam Turbine. (11) May 20. 

Electrically-Driven Machines for Charging Gas Retorts.* Guarini. (26) May 20. 

Soldering Metals and the Preparation Solders and Soldering Agents. (19) May 21. 

Future Improvements Internal Combustion Motors. (14) May 

Design for Gasoline J.C. Brocksmith. (47) May 21. 

Baffle Piates Feed-Water Heater.* (13) May 26. 

The Rateau Turbine.* (20) May 26. 

Dynamic and Commercial Economy Turbines. Robert H.Smith. 
ning May 27. 

Steam Curves.* W.H. Booth. (26) 27. 

Note the Relative Efficiency Heat-Insulating Media.* Davies. (12) May 27. 

Elevating and Conveying Plant.* (47) May 28. 


Casting Temperature the Properties Castings. Percy Longmuir. (47) 

ay «5. 

Conveying Belts the Concrete Plant the Washington Filters.* (14) 28. 

The Mathematics for Gasoline Engines. (19) May 28. 

The Cyclograph.* Emile Guarini. (46) May 28. 

The Casting the Williamsburg Bridge Entablatures.* (46) May 28. 

Two-Belt Conveyor System. (17) May 28; (27) (45) June. 

Water Gas Tar Used Generators for Enrichment. Henry Lea. (Paper read before 
the Ohio Gas Light Assoc.) (24) May 30. 

Pipe Flanges. Gerald Flanagan. (64) June. 

Centrifugal Fans. Kinealy. (70) Serial beginning June. 

Motor-Driven Machine Tools.* (25) June. 

Tube Mills; Their Working and Mechanical Effects.* (67) June. 

Building and Operating Portland Cement Plant. Boilleau and Lyon. (60) 


une. 

Modern Expanding and Flanging Machinery and Tools.* Luther Lovekin. (3) 
Serial beginning June. 

Systems and Methods Mechanical Refrigeration. Sterling Bunnell. (9) June. 

Economizer Calculations. W.H. Booth. (64) June. 

The Entropy Diagram and Its Uses.* Boyd Brydon. (64) June. 

Expansion Curves.* (64) June. 

Indicating the Gas Engine.* Sargent. (64) June. 

Coal Gas and Water Gas; Advantages Each and Cost Manufacture. (45) June. 

Efficiency Rotary Cement Jr. (67) June; (14) June 

Concrete Mixer with Automatic Measuring Device.* (13) June 

The Taylor-Newbold Metal Cutting Saw.* (15) 

Hammer Cranes.* (22) June3. 

Recent Progress Wire-Rod and Bar Plants. (11) 

The Zoelly Steam Turbine.* (14) (27) (11) (12) June (47) 
June (62) June 30; (17) July 

Fly-Wheel Milling Machine.* (12) 

The Air Compressor.* (12) Serial beginnin 

Pielock Superheater System.* Alfred Gradenwitz. (46) June 

Encased Spring Pop Safety Valves.* (17) June 

Some Details the Service Plant the Louisiana Purchase Exposition.* (14) June 

Davies. (From Journal the Soc. Chem. Industry.) 

47) June 

American 100-Ton Breakdown Crane.* (12) June 10. 

New System for Three-High Plate Mills.* (22) June 10. 

Factory Research Laboratory.* (12) Serial beginning June 10. 

Petroleum and Its Use for Lubricating and Fuel Purposes.* Dvor- 
kovitz. (Abstract Paper read before the Inst. Min. Engrs.) (22) June 19. 

Brake Tests 400-kw. Westinghouse-Parsons Steam Turbine. (17) June 11. 

Showing the Efficiency Radiators for Gasoline Automobiles.* (19) 

une 11, 


Power Plant the Whitlock Branch the American Cigar Company, Richmond.* 
(14) June 11. 


(12) Serial begin- 


June 


| 
| 
| 
| 
| 
4 
q 


| 

| 

| 

| 

| 

| 

| 

| 

| 


i 
7 
q 
4 


The Specific Heat Superheated 


CURRENT ENGINEERING LITERATURE. 279 


Mechanical—(Continued). 


Distributing Gas Pounds Pressure Per Square Inch. George Helps. (24) June 
New Balanced Automatic Trip Valve.* (20) June 16. 
The Hainsworth Safety Catch for Elevators.* (20) June 16, 
The Ridgway Conveyor.* (13) June 16. 
Some Competitive Tests Rock Drills for Air Consumption. (13) June 16. 
Fuel Economy. George Carpenter. (15) June 17. 
Analytical Valuation Gas Coals. Lishman. (Paper read before the nst. Min. 
June 17; (24) June; Abstract (22) June 10. 
Rateau Steam Turbine.* Walter (26) June 17. 
Condensation Fallacies and Facts. Booth. (26) June 17. 
Some Types Modern Foundries.* (22) June 17. 
Superheated Steam. F.J. Rowan. (Paper read before the Inst. Engrs. and Ship- 
builders.) (19) June 18. 
The Arcade Building Power Plant, Dayton, (14) June 18. 
Purification and Combustion Acetylene.* (From Nature.) (19) June 18. 
Rotary Induction and Exhaust Valve for Explosion Engines.* (19) June 
The New Structural and Car Shops the Cambria Steel Company, Johnstown, Pa.* 
(14) Serial beginning June 
The Mechanical Stoker and the Human Operator. Edwin Yawger. (24) June 20. 
The Missouri River Power Station the Metropolitan Street Railway Company Kan- 
sas City, Mo.* Howard Prescott Quick. (72) June 20. 
(Abstract Paper read before the Amer. Foundrymen’s Assoc.) 
20) June 23. 
The Gleason 15-Inch Shearing Cut Bevel Gear Planer.* (20) June 23. 
The Pioneer Charcoal Furnace and Chemical Plant. (20) June 23. 
Home-Made Boiler Feed Water Heater.* Ernest Stein. (16) June 23. 
Machine for Loading Wheelbarrows Cars.* (13) June 23. 
The Hutton Motor-Car.* (11) June 24. 
5000-Horse-Power Reynolds Corliss Engine the St. Louis Exhibition.* (11) June 24. 
Stay-Bolt Iron. Wille. (Abstract Paper read before the Amer. Soc. for 
Testing Materials.) June 24; (47) July 
Cross-Compound Engine.* (14) June 25; (17) June 18; (62) June 23; 
72) June 20. 
Novel Four-Piece Mechanism.* (19) June 25. 
Reversing Mechanism for Machine Tools.* (47) June 25. 
Flow Gas Mains and Distribution High Pressure.* Unwin, Inst. 
(Paper read before the Inst. Gas Engrs.) (47) Serial beginning June 25. 
Notes the Steam Turbine. (17) June 25. 
Gas Explosions. Bairstow. (24) June 27. 
Balanced Cable Cranes for Handling Excavated Material.* (62) June 30. 
The Flather Gear Cutter.* (20) June 30. 
The Phillips Pressed Steel Pulley.* (20) June 30. 
Mechanical Draft for the Boiler Plant the St. Louis Exposition. (20) June 30. 
The Becky-Brainard No. 14-inch Cutter and Reamer Grinder.* (20) June 30; (25) 


July. 

The Gisholt Boring Mill.* (25) 

Test the Effect Increasing Boiler Pressure the Life Milton 
Phillips. (Thesis Text, Sibley Col.) (25) July. 

for Mining, Factory and Allied Uses.* J.F.Gairns. (10) Serial 

eginning July. 

Works Design Factor Manufacturing Economy.* Henry Hess. (9) July. 

The Choice Steam Plant, with Special Reference American Electric Power In- 
stallation. George Barrus. (10) July. 

Advanced Practice Economical Metal Charles Day. (9) July. 

The Grinding Machine Metal-Cutting Tool.* C.H. Norton. (9) July. 

The Latest Cement Block Machine.* (60) July. 

Limit Gauges; their Practical Uses and Results.* Arthur 

(9) July. 

The and its Functions Cost-Reduction.* John Ashford. Serial be- 
ginning July. 

Packing Machinery for Export. Paul Roux. (10) July. 

Ferry Works, Queensferry.* (12) July 

Electric vs. Hydraulic Cranes for Riveter Towers. Frank Kleinhans. (27) July 

Standard Methods for Green Sand Beds.* Thos. West. (Paper read before the 
Amer. Assoc.) (47) July 

Machine for the Measurement Screw-Threads.* (19) July 

The Oechelhauser Gas Engine.* (17) July2. 

The Pennsylvania Engineering Works.* July 

The Edwards Conveyor.* (20) July 

Laying Submerged Pipe Lines Buffalo,N. Y.* 13) 

The Compressed Air Power Transmission Plant the Cleveland Stone Company. 

Robert Smith. (12) July 

Cooling Tower and Condensing Equipment Atlanta Plant.* July 

Proposed Universal Dictionary Mechanical Drawing.* George Follows. (13) 
Serial beginning July 14. 
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Mechanical—(Continued). 
Theisen’s Centrifugal Gas-Washer.* (11) July 15. 
Boiler House Economies. Reginald Downe, (Abstract Paper read 
before the Mun. Elec. Assoc.) (26) July 15; (47) 16. 
Apparatus for the Direct Determination the Specific Gravity Cement. Daniel 
Jackson. (Paper read before the Soc. Chem. Industry.) (14) July 16. 
Some Tests Iron and Woodworking Machinery. Hines.. (27) July 16. 
Worm Gearing.* Berry. (47) July 16. 
Test Westinghouse-Parsons Steam Turbine. (18) July 16. 
Working Derrick 100 Tons’ Capacity, Pennsylvania (18) July 16. 
The Specific Heat Superheated Steam.* (14) July 16. 
Pumping and Air Compressing Machinery the St. Louis Exposition.* (20) Serial 
beginning July 21. 
Riehle 600 Testing Machine for the University (20) July 21. 
Carburetters.* Bickford. (12) July 22. 
Racing Automobiles the 1904 Gordon Bennett Cup Race.* (19) Serial beginning July 
Fuel. Morrison. (Abstract Paper read before the Robert 
Fulton Assoc. the National Assoc. Engrs.) (19) July 23. 
Boiler Tubes. (From Journal the Amer. Soc. Naval Engrs.) (47) 
uly 
Greasy Condensation Water Boiler Feed.* William Paterson. (Paper read before 
the Junior Inst. Engrs.) (47) Serial beginning July 23. 
The Mechanica! Plant the Hotel Astor, New York City: The Power and Refrigerating 
the Latest Great Hotel.* (14) July 23. 
Water-Hammer Steam Pipes.* (14) July 23. 
The Walker Tool Room Grinder No. 2.* (20) July 28. 
Tod Rolling Mill Engines.* (20) July 28. 
Modern Coal-Hoisting Apparatus.* Perkins. (19) July 30. 
Some Experiments Air-Cooled Petrol Motor. (19) July 30. 
Specialized Machine Tools.* (10) Aug. 
the Use Bunsen Burners and Combustion Apparatus Without City Gas. 
Gibbs. (From Journal the Amer. Chem. Soc.) (24) 
New Process Manufacturing Peat Fuel. (19) Aug. 
Carburateur Claudel, Précédé d’une Théorie Générale sur Carburation.* 
Claudel. (32) Mar. 
Turbine Vapeur Systéme Rateau Ses Applications.* (32) Apr. 
Mécaniques pour Foyers Chaudiéres Vapeur.* Pierre-Guédon. 
34) May. 
Graisseur Mécanique Clef-Distributrice: Lefebvre. (34) May. 
Production Applications Froid Artificiel.* Cottarel. (33) Serial beginning May 21. 
Laboratoire d’Essais Conservatoire des Arts Métiers.* Boyer-Guillon. (33) 
Serial beginning May 21. 
Serial beginning May 25. 
Sur Réversibilité des Turbo-Machines Hydrauliques, Platon Yankowsky. May 81. 
Recherches sur les Dimensions Donner aux Canaux Distribution des Machines 
Vapeur. F.Guthermuth. (Tr. Lecuir.) (37) May 31. 
Note sur Moteur (30) June. 
Elévateur-Transporteur Electrique.* Joseph Costa. (33) June 11. 
Laboratoire d’Essais Conservatoire National des Arts Métiers.* Leduc. 
(36) Serial beginning June 25. 
Une Application Ingénieuse Commande Electrique des Outils.* Daniel Bellet. 
Serial beginning June 25. 
Moteur Essieu Transformateur Vitesse Henriod.* Doubrey. 
une 
Les Bicyclettes; les Changements Vitesse: Rétropédalage.* Carlo Bourlet. 
(33) Serial beginning June 25. 
Machine Universelle 300 Tonnes Laboratoire d’Essais Conservatoire 
des Arts Métiers.* Pierre Breuil. (33) July 
Transmission Pneumatique pour Lettres Petits Colis.* (33) 
16. 
Metallurgical. 


Ores Regain Spelter and Sulphuric Acid.* Diescher. 

eb. 

Notes Pyrometry.* M.E.J.Gheury. (Paper read before the Arc Works Eng. 
(11) Serial beginning May 

The Kepp Metallurgical Furnace.* (20) May 19. 

Amalgamation the Rand. Roskelley. (From the Journal the Chem Metal. 
and Min. Soc. Africa.) (16) May 26. 

Cyaniding Gold-Bearing Sulphurets. Christy. (Paper read before the California 
Miner’s Assoc.) (45) June. 

Smelting: Review. Edward Peters. (16) Serial beginning June 

esabi Ores Coke Blast Furnace Practice. Barrows, Jr. (62) June 
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Metallurgical—(Continued). 


Furnace Top Explosions. Frank Roberts. (62) June 

The Keller Electrical Steel Process. (From (20) June (62) July 14. 

The Burgers System Blast Furnace Construction.* (20) June 

The Ball Engine Company’s New England Shop.* (20) June 

The Use Thermite Producing Pure Metals and Alioys. (19) June 

Electrolytic Iron. Burgess and Carl Hambuechen. (Paper read before the Amer. 
Electro-Chem. Soc.) (47) June 11; (73) June 17. 

The Preparation Brown Hematite Iron Ores.* Lynwood Garrison. (16) June 16. 

tine Ore and Clinkered Ore. (62) June 

New Process Galvanizing. (12) June 17. 

Furnace Charging and Distributing Apparatus.* Frank Roberts. (20) June 23. 

Alloy Steels. William Metcalf. (Paper read before the Amer. Soc. for Testing Mate- 
rials.) (20) June 23; Abstract (15) June 24; (14) July 

Magnetic Concentration Zine Ore Virginia.* C.Q. Payne. (16) June 23. 

Nitrogen Iron and Steel. Ernest Sostedt. (62) June 

Smelting Iron Electricity. (62) June 

Notes Processes for Producing Open-Hearth Steel.* R.M.Daelen. (22) June 24. 

Blast Furnace the Latest Type. (16) June 30. 

Ore Dressing Cananea.* Dwight Woodbridge. (16) June 30. 

Direct Casting from the Blast Furnace. (12) July 

Treatment Complex Ores. (62) July 

Steel Furnace Gysinge, Sweden.* Kjellin. (62) June (12) 

Some Notes the Magnetic Separation Ore.* (22) July 15. 

The the Blast Furnace. Elbers. (62) July 21. 

The Care Cyanide Solutions. Davis. (16) July 21. 

Investigations the Blowing Foundry Cupolas. (13) July 21. 

Steel Making Ensley, Alabama.* Day Allen Willey. (19) July 23. 

The Manufacture Iron Electro-Metallurgical Processes.* Adolphe Minet. (9) 


Aug. 
The Electro-Metallurgy Iron and Steel. Emile Guarini. (19) Aug. 
Recherches sur les Aciers Tungsténe. Léon Guillet. (33) Serial beginning May 
Electrométallurgie. Frangois Tissier. (36) Serial beginning May 10. 
Nickel avec une Pyrite Magnétique Cupronickelifére.* (33) 
uly 


Fabrication des Plaques Blindage aux Forges Nationales 
Bizot. (33) July 28. 


Military. 


Creusot and the Ordnance Made There.* Ramakers. (19) June 18. 
Japanese Naval Guns.* (46) July 

Mechanically-Propelled Vehicles for Military Purposés. (11) July 
Automatic Rifles.* (11) July 22. 


Mining. 


Freezing Aid Excavation Unstable Material.* James Brace, Assoc. 


Vol. 52. 
Pro Method Sinking Through Soft Surface. James Wilson. (59) Vol. XXVI, 


Suggested Amendments the Proposed New Regulations for the Use Electricity 
Mines. (22) Apr. 29. 

Washing Plant the Great Western Colliery.* (22) May 

The Coal-Cutting Machines Deep Mining.* Garforth, Inst. 
(Paper read before the National Assoc. Colliery Managers.) (22) May 

The Coal and Iron Resources the Dominion Canada.* (22) May 

Gravity Incline the Antonio Mine Cuba.* E.M. Holmes. (13) May 12. 

Electric Winding. Gerald (22) May 13. 

British and American Coal-Cutting Machines. Ackermann. (Abstract Paper 
read before the Soc. Engrs.) (68) Serial beginning May (22) May 13. 

Grit Mills Wheeler Pans. Ward. (68) May 14. 

The Hancock Jig. Danvers Power. (16) May 19. 

Electrically Driven Hauling and Winding Gears.* (22) May 20. 

Recent Electrical Developments (in mining machinery).* Hollingworth. (Paper 
read before the National Assoc. Colliery Managers.) (22) May 20. 

Methods Working Coal Rhenish Westphalian Basin.* Maurice Bodart. (Ab- 
stract from Revort Annuaire Association des Ingénieurs Sortis 
Vol. XVII.) (22) May 27. 

Electric Power European Collieries.* C.S. Vesey Brown, Inst.C. (10) June. 

The Primero Mines.* Hosea. (45) June. 

Ropes Vegetable Fiber (used mining).* Charles Comstock. (45) June. 

Comparison Three-Phase and Continuous Currents for Mining Purposes. Roslyn 
Holiday. (Abstract Paper read before the Inst. Min. Engrs.) (22) 

Electrically-Operated Versus Steam-Driven Mine Hoists.* (46) June 

Gold-Mining Dredge Recent Design SamuelS. Wyer. (16) 

Safety and Explosives: Experiments Belgium. (Paper read 
before the Inst. Min. Engrs.) Abstract (22) June 10. 
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Mining— (Continued). 


Engrs.) June 17; Abstract (22) (26) June 17. 

Electric and Compressed Air Locomotives for Mines. Beverley Randolph. (Paper 
read before the Inst. Min. Engrs.) (57) Abstract (22) June 

Electric Rock Drills.* Geraid Hooghwinkel. (22) June 17. 

Electricity Colliery Work.* Assoc. Inst. (47) Serial be- 
ginning June 18. 

Underground Temperatures, Especially Coal Mines. Hans Hoefer. (Abstract 
Paper read before the Inst. Min. Engrs.) (68) Serial beginning June 18. 

Electrically-Driven Mining Fan.* (12) June 24. 

The Colliery Exhibition the Royal Agricultural Hall, London.* (22) Serial beginning 
June 24; July Serial beginning Juiy (73) July 

Coal Cutting Machinery.* G.L. Kerr. (22) June 24. 

Electrical Mining Machinery.* (12) June24. 

The System for Electric Mine Hoists.* (16) June 30. 

Industrial Locomotives for Mining, Factory and Allied Uses.* (10) Serial 
beginning July. 

Hoisting-Engine Brakes.* (45) July. 

Hoisting Engine Foundations.* Norris. (45) July. 

Hoisting Engine Specifications. Gerecke. (45) July. 

Compounding Hoisting Engines. (45) July. 

Deep Hoisting South Africa.* J.S. Lane. (45) July. 

Types Hoisting Engines.* (45) July. 

Care and Handling Hoisting Engines. Pennington. (45) July. 

vs. Conical Drums.* Moeller. (45) July. 

Electric Hoists.* (45) July. 

Tail- Balance-Rope Hoists Shafts the Anthracite Regions Pennsylvania.* 
Arthur Storrs. (45) July. 

Deep Hoisting the Lake Superior District.* Hood. (45) July. 

Compressed Hoisting.* (45) July. 

Drums vs. Reels for Hoisting.* (45) July. 

Hoisting-Engine Calculations. (45) 

Gas Liquid-Fuel Hoisting Engines.* Roberts. (45) July. 

Balanced and Unbalanced Hoists.* E.T.Sederholm. (45) July. 

The Nottingham Breaker (Plymouth, Pa).* (16) July 

Blasting Tight Placers Before Dredging.* Oliver Finn. (16) July 

The Gold Dredging Industry California.* Frank Griffin. (Paper read before the 
California Miners’ Assoc.) (68) July 

Steel Replace Timbering.* (16) July 14. 

Kerosene Shale Australia.* John Plummer. (16) July 14. 

Head-Frames and Tipples.* W.R.Crane. (16) July 14. 

New Water Spraying Apparatus for Dusty Mines.* (22) 

Annual Report His Majesty’s Inspectors Explosives, 1903. (57) July 15. 

Coal Winding Machinery.* Horace How. (22) July (47) July 23. 

America: New Field for Electric Power Service.* Day Allen 

ey. (10) Aug. 
Mineral Shipments British Ports.* Brysson Cunningham, Assoc. (10) 


Aug. 

Effets Froid Gelée sur les Explosifs Industriels Usage dans les Exploita- 
tions Miniéres.* H.Schmerber. (33) May 

Installation Deux Siéges d’Extraction aux Mines Fer d’Ely, Minnesota 
Unis).* (33) May 14. 

Serial beginning June. 
Appareils Sécurité Usage dans les Exploitations Miniéres 

(33) Serial beginning June 11. 


Lutte contre les Incendies Protection des Pompiers contre Feu 
(36) July 10. 


Miscellaneous. 
Transatlantic Engineering Schools and Engineering. Mullineux Walmsley. (77) 


May. 

Methods for Determining the Equations Experimental Curves.* Langsdorf. 
(Paper read before the Engineers’ Club St. Louis.) (1) June. 

Methods and Cost Sodding. Arthur Hay. (13) June 


Brick Pavements St. Louis.* (76) May. 
Street Lighting Nernst Lamps. Henry Joseph. (26) May 13. 
Neglected Details Brick Pavement Construction. Baker. (76) June 


Fire Protection for Factories: How Its Value Shall Determined and Who Shall Fay 
J.H. Purdy. (28) June. 
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Municipal—(Continued). 


Report Committee Private Fire Protection.* (28) June. 

Progress Plans and Work for Rebuilding Baltimore.* Daniel Hauer. (13) June 

Lowering the Chicago Tunnels. Ernst. (14) June 25. 

Effect Heat upon Asphaltum Paving Mixtures. Blake. (60) July. 

The Detroit Municipal Asphalt Paving Plant.* (60) July. 

The Proposed Charles River Basin.* (14) July 

Sand-Clay Roads. (14) July 16. 

Problems Street Paving. (60) Aug. 

Paving John Alvord. (60) 

City Gas Inspection and Inspectors. Ira Copley. (Paper read before the Congress 
Gas Associations America.) (24) Serial beginning Aug. 

Goudronnage des Routes.* Espitallier. (33) May 14. 


Railroad. 


The Location the Knoxville, Follette and Jellico Railroad, the Louisville and 
Nashville System.* Taylor, Am. Soc. Vol. 52. 

Method Used the Railroad Commission, Texas, under the Stock and Bond Law, 
Railroad Properties. Thompson, Assoc. Am. Soc. (54) 

ol. 52. 

Automatic Couplers.* Frederick Hibberd, M.I. Mech. (75) No. 1903. 

Electric Traction with Alternating Currents.* Inst. (77) Apr. 

Discussion Boiler Design (Locomotives). (65) Apr. 15. 

The Value Heating Surface.* H.H. Vaughan. (61) Apr. 19. 

Signalling, System Severus Junction, North Eastern Railway.* 

(21 ay, 


Engine; Japanese Imperial Government Railways.* (21) 

ay. 

Express Passenger Engines and Their Work: Railroad.* (21) May. 

Iron Covered Goods Wagon: Great Western Railway.* (21) 

The Railway Electrification Problem and Its Probable Cost for England and Wales. 

Corridor Brake (21) May. 

The System Railway Carriages.* (21) May. 

New Express Engines—Great Central Railway.* Charles Rous-Marten. (12) May 

Rail Autocar for the Paris, Lyons and Mediterranean Railway.* (11) May 

Tank Locomotive for Heavy Suburban Traffic; Lancashire and Yorkshire Railway.* 
May (40) June 

Electric Autocars the North-Eastern Railway.* (47) (40) June 10. 

Railway Location Victoria, Australia. Fraser. (13) May 12. 

Recent Three-Cylinder Compound Locomotives Europe. (13) May 12. 

Cole’s Four Cylinder Balanced Compound Locomotive for the New York Central.* 
May 13; (25) June: (39) June; (40) June 10; (13) June 23. 


Electric Car and Train Brakes. Kidder. (Abstract Paper read before the Air- 
Brake Assuc.) May 13. 

Vanderbilt 50-Ton Steel Flat-Car.* (15) May 13; (18) May 14. 

Firing Locomotives. Wadleigh. (15) May 13. 

Six Coupled Tank Engine: Great Western Railway.* (12) May 13. 

the Great Western and Central South African Railways.* (22) 

ay 13. 

Some Modern Appliances Connected with Railway Crossings and Points.* Owen 

Williams. (Abstract Paper read before the Inst. Engrs. and Shipbuilders 
Scotland.) (22) May 13. 

Higher Train Pipe Pressure for Passenger Service. Kelly. (Abstract Paper 
read before the Air-Brake Assoc.) (15) May 13. 

Brake-Beams and Foundation Brake Gear. (Abstract Paper read 
_before the Air-Brake Assoc.) May (40) May 

Railroad Fusees. Ramage and Cheeseman. (15) May 13. 

Locomotive Testing Plant the Pennsyivania Railroad St. Louis.* (40) May 13; 
(18) May 14; (13) May 19; (41) June. 


Handling Trains with Back-Up Hose.* (Report Committee Air-Brake Assoc.) 
(40) May 


Novel Block Telephone Signal System. (19) May 14. 

The Alternating Track Circuit System Signaling. Struble. (Paper read be- 
the Railway Signal Assoc.) (40) May 20; (18) May 21; (13) May 26; (15) May 20. 

New Passenger Equipment for the London and Northwestern Railway.* (40) May 20. 

Tank Locomotive, Central South African Railways. (12) May 20. 

Narrow-Gage Road from Lausanne Mondon.* Guarini. (72) May 20. 

Trinidad Electric Railroad Co.* (72) May 20. 


The Growth Electric Railway.* (72) Serial beginning May 20. 
Passenger Stations the Central.* (15) May 


Compressed Air and Pneumatic Tools Railroad Service. Thos. Aldern. (Abstract 
Paper presented the Central Ry. Club.) (15) 20. 

Rati ona Basis for Calculating the Braking Power Passenger Cars. (15) May 20. 

Combined Gasoline Motor and Electric Generator for Railroad Traction.* May 21. 


Illustrated. 
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Railroad—(Continued). 


Train Despatching the Rochester Eastern Rapid Railway.* (17) May 21. 
Practical Hints Interurban Railway Operation. (17) 
Details Floor Bottom Framing Modern Interurban Cars.* Edward Boynton. 
(17) May 21. 
Train Testing. Sydney Ashe. (17) 
Railroading Across Great Salt Lake.* Herbert Bennett. (19) May 21. 
Turntable New Design.* (18) May 21. 
Chicago Alton Heavy Passenger Engine. (18) 
(18) May 21. 
Four-Cylinder Balanced Compound Locomotives; Paris Orleans Ry. (France).* (13) 
May 26; (12) June 
Bogie Coaches, South-Eastern and Chatham Railway.* (12) 
Four-Cylinder Locomotives the St. Louis Exhibition.* (12) May 27. 
The Giesecke Automatic Unloader for Railway Wagons.* (57) May 27. 
Eight-Coupled Locomotive for the Queensland Government Railways.* (11) May 27. 
the St. Louis Exhibition. Hanbury. (11) Serial beginning 
27. 
The Canton Akron Railway.* (17) May 28. 
The New Sub-Station the Denver Northwestern Railway.* (17) May 28. 
Mallet Articulated Compound Locomotive, (18) May 28; (40) May 27; 
May 27; (39) June; (40) (13) June 30. (25) June-Aug. 
Coal Shipping Plant Hoboken, (18) May 28. 
Danville Shops the Chicago and Eastern Illinois Railway.* (39) June. 
Plant the Liverpool and Railway.* Frank Perkins. 
(64) June. 
Four-Cylinder Glehn Compound Locomotive.* (25) June; (47) 
The Locomotive Shops Large (41) June. 
Locomotive Work the Illinois Central R.* June. 
2nd-Class Carriages: Belgian State Railways.* (21) June. 
Specifications for Car Wheels. Dudley. (25) June. 
Ten-Wheeled Radial Tank Lancashire and Yorkshire Railway.* (21) June. 
Track Arrangements Locomotive Shops. A.Seley. (25) June. 
Vanderbilt 100 Capacity Flat Car.* (39) June. 
Locomotive Testing Plant Louis Exposition.* (39) June; (47) June4. 
Vauclain 4-Cylinder Balanced Compound: 4-4-2 Type Passenger Service: Chicago, Bur- 
lington Quincy Railway.* (25) June. 
Wall for the Pennsylvania Terminal Station, New York 
ity. (13) 
Electric Locomotive for New York Central.* (13) June (40) June 
June (17) June (47) June 18; (72) June 20; (26) June 24; 
(25) June. 
The Hudson River Tunnel.* burr. (20) Serial beginning June 
Notes from the Topeka Shops the Santa Fe.* (15) June 
Brake Heavy-Capacity Cars Grade. (15) June 
New Cars for the Rhodesia Railways South Africa.* (15) 
Baldwin Four-Cylinder Balanced Compound for the Burlington.* (15) June 
Shop Kinks the Western Ohio.* (17) June 
Strength White Iron Castings. Outerbridge, Jr. (Paper read before the In- 
ternational Assoc. for Testing Materials.) (47) June 
The Ventilation the Albespeyre Tunnel, France.* Alfred Gradenwitz. (14) June 
All-Air Interlocking Staines, England.* (15) June 10. 
The Bettendort Truck.* (15) June 10; (39) July. 
the Clinch Valley Division, W.* Emile (15) 
une 10. ° 
for the Great Central Railway. (12) June 10. 
Petrol-Electric Motor Coaches the Railway.* (26) 
Railroad Motor Coaches Near London.* Paley. June 10. 
Features the Great Western Record Run. Rous Marten. (12) June 


10. 

Improved Terminal for Handling the Heavy Coney Island Crowds—Brooklyn Rapid 
Transit Company.* (17) June 

Composite Box Car. Ibs. Capacity.* (18) 

Compound Goods Locomctive, Saxony State Railways.* (19) June 11. 

Electric Railway Block Signaling Use Alternating-Current Track Circuits. 
Struble. (17) June 11. 

Machine for Driving Screw Spikes Railroad Ties.* (14) June 11. 

Baldwin Electric Trucks.* June 17. 

The Bettendorf Tank Car.* (15) June 

Boehm System Electric Lighting for Trains.* (26) June 17. 

Cast Steel Passenger Truck for the Big Four.* (15) June 17. 

Clearance Limits American Railroads.* (15) June 17. 

Coke Car for the Cambria Steel (15) June 17. 

The Design Steel Underframe Standard Shapes for Freight Cars.* Fritz 
Ernst. (40) June 17. 
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Railroad—(Continued). 


The Eastern Oklaboma Railway Line and Bridges.* F.R. Patten. (40) June 17. 

Jersey Central Tool Car.* (15) June 17. 

London Northwestern Eight-Wheel Passenger Engine.* (40) June 17; (15) June 24. 

Sleeping Cars, East Coast Joint Stock.* (40) June 17. 

Notes from the Southern Railway Shops Marchester, Va.* June 17. 

Railroad Shop Tools.* Serial beginning June 17. 

Single Plate Cast-Iron Wheel.* June 17. 

Steel Car Design.* Serial beginning June 17. 

Automatic Control Locomotives.* (46) June 18. 

Railway Practice Indiana.* Robert Woods, Am. Soc. 

17) June 18. 

New Method for Testing Steel Rails. (19) June 18. 

New Dynamometer Car.* (18) June 18. 

The Bailey Surfacing and Lining Blocks.* (18) June 

New Tank Car.* (18) June 18. 

Wooden Dowels for Track Fastenings.* (18) June 18. 

Car June 18. 

The Prouty-Pierce Gasoline Motor Cars.* (17) June 18. 

Electric Traction Monophase Current.* Bignami. (72) June 20. 

The Three-Phase Tramway from Schwyz Seewen.* Guarini. (72) June 20. 

Machines for and Tamping Railway Tracks.* (13) June 23. 

Experience the Maintenance and Repair Steel Freight Cars. (13) June 28. 

Four-Cylinder Balanced Compound for the Prussian State Railways.* (15) June 24. 

Steam Locomotive Tests. F.H. Mason. (15) June 24; (17) June 

uly 

Heating Surface and Boiler Power.* Jones. June 24. 

Improvements Roundhouse Design.* June 

New Consolidation Locomotive for the Oregon Short Line.* (40) June 

Notes from the Union Pacific Shops Omaha.* (15) June 24. 

Rebuilding Locomotives—Philadelphia and Reading.* Prince, Jr. (15) June 24. 

Concrete Roundhouse for the C., M.and St. P.* June 

Self-Propelled Yard Crane.* June 24. 

Vapor System Car Heating.* (15) June 24. 

Shapes Ties.* Herman von Schrenk. (From Bulletin No. 50, U.S. Dept. Agricul- 
ture) June 24; (17) June 11. 

Shop Notes from Elizabethport.* 24. 

Report Committee the Master Car Builders’ Assoc.) (15) June 

uly 

Steel Pier Shed for the Central Railroad New Jersey.* 

The Use Modern Telephones Applied (Paper .read be- 
fore the Assoc. Railway Telegraph (40) June 

Prevent Rust Steel Cars. (Report the Master Car Builders’ Assoc.) 

The Value Heating Surface (Locomotives).* Lawford F-y. une 24, 

Yard, Shop and Terminal Improvements the Canadian Winnipeg.* 


June 
Coupling Chains. (Report Com. the Master Car Assoc.) (18) June 25;. 
15) June 


Motors and Shoes the Baltimore and Ohio Locomotives.* (17), 
une 25. 


Improvements the Oelwein Shops, Chicago Great (18) June 
The Melaun Rail-Joint.* Arthur Busse. (17) June 25. 
New Roundhouse, and St. Ry., Galewood, (18) June 


Some Details Electric Railway Power Station Canton, Ohio.* (14) June 25. 
Specifications. (Report Com. the Master Car Builders’ Assoc.) 
25) July. 
Locomotive Front Ends. (Report the Master Mechanics’ Assoc.) (25) July. 
Locomotive Steaming Capacity. Bentley. (25) July. 
New Arrangement Fuel Oil Burners for Locomotives.* (25) July. 
Tabular Comparison Notable Recent Locomotives. (25) July. 
Ft. In. Sleeping Saloons; London North Western and (21) July. 
Steel Passenger Car Construction.* William Forsyth, (Paper read 
before the Master Car Builders’ Assoc.) (39) July; Abstract June 24; (18) 
June (13) June 30. 
the World: From Swansea Mumbles, Wales.* Thomas Rees. 
10) July. 
Power and Transmission for Electric Railways. (60) July. 
Prices for Repairs Steel Cars. (Report Com. the Master Car Builders’ Assoc.) 
(39) July; (18) (15) June 24, 
The Atlanta and Birmingham July 
Electric Signalling Railways.* (26) July 
Herman’s Direct Driven Semaphore Signal.* (15) uly 
July 
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Railroad—(Continued). 


The North-Eastern Railway and Carville Power House.* (73) Serial beginning July 

Safety Appliances and Their Care. George Hannauer. (40) 

The Performance Compound Locomotivesin France, Henderson. (40) 

The Docks and Cold Storage Plant the London Southwestern Ry.* 
(40) July 1. 

Bending Moments Rails. (Paper read before the Amer. Soc. for 
Testing Materials.) (18) July 15. 

Cast Iron Wheels.* (Report Com. the Master Car Builders’ Assoc.) (18) July 

Construction, Louisville Nashville R.* (18) July2. 

Revision Standards and Recommended Practice, Assn. (Report Com. 
the Master Car Builders’ Assoc.) (18) July June 24. 

Standard Location Third for Electrica! Operation.* (Report Com. the 
Master Car Builders’ Assoc.) (18) July (15) June 24; (17) June 25. 

Tests Couplers.* (Report the Master Car Builders’ Assoc.) (18) 
July June (13) June 30. 

Notes German Axle, Wheel and Rail Practice. (17) 

Locomotive Testing Plant the St. Louis Exposition.* (62) July 

Recent French Railway Tie (13) July 

Sighting Blocks for Track Surfacing and Lining.* (13) July 

The Paso Union Station.* (15) July 

Heating Steam upon French Railways.* (40) July 

Metal Railroad Tie.* July 

Baldwin Four-Coupled Double Ender.* (18) July 

Mechanical Refrigerator Car.* July 

Second Track Work the Southern Railway.* (15) July 

Screw-Spikes and Dowels.* Hermann von Schrenk. (From Bulletin No. 50, 
Dept. Agriculture.) (15) July 15. 

The Tehuantepec Route.* Corthell. (15) July 15. 

Vibration Railway (12) July 15. 

The Springfield, Troy Piqua Electric Railway.* (17) July 16. 

The Cleveland, Painesville Ashtabula Electric Railway.* (17) 

Locomotive Testing Plant the Pennsylvania St. Louis. (18) Serial beginning July 
16; (15) Serial beginning July 22; (25) Serial beginning Aug. 

(Report Committee Amer. Ry. Master Mechanics’ Assoc.) 
uly 16. 

The Marienfelde-Zossen High-Speed Trials.* Alfred Gradenwitz. (72) July 20. 

Passenger Locomotive for the Portuguese State Railway.* (11) July 22. 

Relining Winston Tunnel the Chicago Great (15) July 22; (40) July 22. 

Baldwin Balanced Compound, C.. Ry.* (18) July 

The Bridgeport Improvements the New York, New Haven and Hartford Railroad.* 
(14) Serial beginning July 23. 

The Construction the Pao Section the Lu-Han Railway. (14) July 23. 

German Track and Signal Exhibit the World’s Fair.* (18) July 23. 

Motor Cars European Railways.* (13) July 28. 

Block Signaling the Chicago North Western. (15) July 29. 

Automatic Couplers.* William Pettigrew. (Paper presented the Interna- 
tional Ry. Congress.) (40) July 29. 

Changes the Baltimore Ohio Locomotive Pick-Up Device.* (17) July 30. 

New York Central Express Compound Locomotive.* (46) July 30. 

The Power Plant the Rock Island Railway Shops East Moline.* (14) July 

New Locomotives for the Mexican Central Ry.* (18) July 80. 

Application Electricity Steam L.S. Randolph. (Paper presented before 
the Richmond Club.) (18) July 30. 

Shop Equipment. William Cozad. (25) Aug. 

Application Force Mécanique aux Travaux Renouvellement des Voies. 
Regnoul. (38) May. 

Les Nouvelles Locomotives 51-65 Chemin Fer Petite Ceinture Paris. 
Koechlin. (38) May. 

Chemin Fer Transsibérien.* Lemaire. (33) Serial beginning 

dises.* Maurice Soubrier. (36) Serial beginning May 25. 

Chemin Fer Liverpool Southport; Remplacement Traction Vapeur par 
Traction Electrique.* Debeul. (33) May 28. 

Chemin Fer Métropolitain Paris. Hervieu. (34) June. 

Note sur les Voitures Seconde Classe Bogies Compagnie Robert 
Dubois. (38) June. 

Une Puissante Locomotive Anglaise.* Daniel Bellett. (36) June 10. 

Chemin Fer Jungfrau Les Nouvelles Locomotives Electriques.* 
Sidler. (33) Serial beginning June 18. 


Note sur les Locomotives Compound Cylindres Compagnie d’Orléans.* 
Conte. July. 

Appareils pour Manceuvre des Aiguillages des Signaux Gare Cen- 
trale Weissenbruch. (38) July. 
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Railroad—(Continued). 


Locomotive-Tender Sept Essieux pour Chemins Fer Montagne.* (33) July 
Electropneumatique des Signaux Gare Paris-Est.* Wagner. (33) 
uly 


sur des Cheminées des Echappements Locomotives 
Purdue (Etats-Unis.)* Barbier. (33) July 


Railroad, Street. 


The City and South London Railway: Working Results the Three-Wire System 
Applied Traction, Peter Valentine McMahon, Inst. (77) Apr. 
Effect Self-Induction Railway Motor Commutation.* Anderson. (42) 
Tram-Rails and Rail Bonding. Percy before the Inst. 
Serial beginning May 

The Harlem River Tunnel the New York Transit Railroad.* (14) May 14. 

Lamme Single-Phase Railway System.* (27) 14. 

Turbines the Newport Station the Old Colony Street Railway. (14) 

Some the East St. Louis Suburban Railway.* (17) May 14. 

East St. Louis Suburban Railway.* (72) 20. 

Electric Car and fram Brakes. Kidder. (Abstract Paper read before the Air 
Brake Assoc.) (72) May 20. 

Power Supply System the Brooklyn Rapid Transit Co.* (72). 20. 

Some Experiences with High-Tension Transmission Lines.* Reagan. (72) 


May 20. 
The Street Railway and Ferry Systems Oakland, Cal.* (72) May 20. 


Manchester Traction, Light Power Co.* (72) 20. 

Leicester Corporation Electric Tramways.* (73) May 20; (26) 20; 17) June 

Electric Railway Car Houses—Construction and Hazards. Ralph Swetland. (From 
Bulletin Special Hazards and Fire Record the Nat. Fire Protection 
Assoc.) (17) May 21. 

Overhead Tramway Construction. (26) May 27. 

Single versus Polyphase Generators Alternating-Current Railway Work.* 
Blanck. (73) May 27. 

Circuit-Breakers Double-End Cars.* Cale May 28. 

The Great Northern and City Railway: London’s Latest Tube.* Herbert Fyfe. (9) 


June. 
Some British Central Electric Power Stations.* Parshall, Inst. (10) 


June. 

Method Making Electrical Survey Rochester, Y.* (60) June. 

Important Test Elliptic Springs: Made for the Interborough Rapid Transit Rail- 
way: Determine Permanent Set and Proper Working Fiber Stress.* Bul- 
lock. June. 

English Municipal Electric Railway.* (27) 

Effective Car Stop for Use the Foot Dangerously Steep Hill.* (17) 

Selective Signaling the Boston Worcester Electric Railway. (17) June 

Notes the San Diego and Coronado Railway Systems.* (17) June 

Recent Elevated Practice Berlin.* John Fox. June 

Derby Electricity Works and (73) Seria ning June 10. 

Chilled-Iron Steel-Tired Wheels. (26) Serial beginning June 10. 

Street Railway Exhibits the World’s Fair.* (17) Serial beginning June 11. 

Completing the Rapid Transit Subway.* (46) June 

Elevated Car for Fire Fighting.* (17) June 

Improved Terminal for Handling the Heavy Coney Island Crowds—Brooklyn Rapid 
Transit Company.* (17) 

Signals the Interborough Rapid Transit Lines New York City.* (40) June 17. 

The Power Plants the New Orleans Railways Company.* June 

Application the Positive Auxiliary Car-Lighting System. (17) 

une 18, 

Repair Shops for Small Roads.* Francis Daniell. (17) June 18. 

New Cars for Schenectady Railway.* Bankat. (72) June 20. 

The Intramural Railway (St. Louis Exposition).* (72) June 20. 

Tower Cars the Broo Heights Railroad.* (72) June 20. 

The Comfort Passenger Car.* (72) June 20. 

Inspection and Care Car Wheels.* (72) June 20. 

The Missouri River Power Station the Metropolitan Street Railway Company 
Kansas City, Mo.* Howard Prescott Quick. (72) June 20. 

Cars for the Chicago Subway.* June 24; (18) June 25; (40) June 24. 

Electrically-Operated Point Shifter.* June 24. 

Repainting Street Railway Cars. John Weaver. June 25. 

Application the Storage Air-Brake System Newark, J.* (17) 

une 25. 

High Tension Transmission for Electric Railways.* (Paperread before 
the New England St. Ry. Club). (17) June 25. 

British Precautions Against Subway Disasters. July 
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Railroad, Street—(Continued). 


Electric Traction Surface Contacts. Shawfield, Assoc. Inst. 
(Paper read before the Incorporated Mun. Elec. Assoc.) (73) Serial beginning July 
(47) July Abstract (26) July (17) July 

The Westinghouse No. 200 Railway Motor.* (17) July 

Important New Street Railway Repair Portland, Me.* (17) July 

the New York City Railway Company.* (14) July (17) 

uly (27) July 

The Kapid Transit Tunnel Under the Harlem River.* (46) July 

Shop Practice Columbus, Ohio.* (17) Juty 

New Type Car for the Boston Elevated Railway. (17) July 

Current Collection High-Speed Electric Railways.* (17) July 

The Westinghouse Unit-Switch System Multiple-Unit Train Control.* (73) July 15. 

New Power Installation the Twin City Rapid Transit Co.* (72) July 20. 

Rules Governing Car Wiring and Equipment Cars. (17) July 16; (72) July 20. 

The Kingsland Surface-Contact System.* July 22. 

Third Rail the Brooklyn Bridge.* (17) July 30. 

The Berlin Combined Elevated and Under-Ground Railway.* Paul (9) Aug. 


Sanitary. 


Warming and Ventilating Public Nesbit. (Paper read before the 
San. Inst.) (70) May. 

Description Sewage Disposal Systems Massachusetts.* Henry Goodnough. 
read before the Boston Soc. Civ. Engrs.) (1) May. 

Adaptability the Massachusetts Method Intermittent Sand Filtration 

Problems Other States.* Herbert Snow. (Paper read before the 

Boston Soc. Civ. Engrs.) (1) May. 

The Use the Septic Tank Connection with Sewage Disposal Works. Frank 
(Paper read before the Boston Soc. Civ. Engrs.) (1) May. 

the Greenhouse the United-States Soldiers’ Home, Washington, (70) 


May. 

French Heating Methods.* Debesson. Serial beginning May. 

Investigation Hub Joints Cast Iron Pipes.* George Mathias Trede. (70) May. 

Practical Points Sewage Disposal Works. (14) May 14. 

Heating and Ventilating Works Office Building.* (14) May 14. 

Sewer Contractor’s Records. (13) May 19. 

Concrete Sewer Wilmington, Delaware.* Chalkley Hatton. (14) 
21. 

Extensions the Brooklyn Sewerage System; Sixtieth Street Sewer.* (14) May 21. 

Heating and Ventilating the Minnesota State Capitol.* (14) May 21. 

the Brooklyn Sewerage Foster Avenue Trunk Sewer.* 


28. 

Tile Drainage.* (76) June. 

and Disposal Municipal Waste.* Morse. (3) Serial beginning 
une. 

Tenement House Problems. Thomas Crain. (70) June. 

Report the Tenement House Department the City New York 1902-3.* (70) June. 

Recent Advances Tenement Sanitation. Lawrence Veiller. (70) June. 

The Nitrifying Organismsin Sewage Filters. (7) June. 

New Sewage Works Glasgow. (12) June 

Forms for Constructing Reinforced Concrete Sewer Beverly, Mass.* Geo. 

_Carver. (13) June 

Concrete-Steel Sewage Pumping Station, Newton, Mass.* June 11. 

The Scheme the Extensions the Brooklyn Sewerage System.* (14) June 11. 

Advanced Methods Warm Air Heating.* Jones. before the Amer. 

Soc. Heating and Ventilating Engrs.) (70) July; Abstract (14) 23. 
Air Quantity Required for Woodbridge. (Abstract Paper read 
before the Conn. State Board Education.) (70) Serial beginning July. 

Hot-Water Heating Plant Boston Navy Yard.* (14) July 16. 

Large Relief Sewers Brooklyn.*, (14) July 16. 

Mécanique des Eaux Wiesbaden: Systéme Schneppendahl.* (35) 
May. 

Structural. 


Theory the Spherical Dome with Homogeneous Surface, and the Framed Dome; 
also Notes the Construction Masonry and Metal Domes.* Schmitt, Assoc. 
Am. (54) Vol. 52. 

75) No. 2, 1903. 

the Chief Engineers, A., the Baltimore Fire. John Stephen Sewel. 
(67) Apr. 

Timber Treatment and Timber Treating Plants.* Walter Curtis. (65) Apr. 15. 

Sand Lime and Concrete Lime Brick and Concrete Building Blocks. 
Marston. before the Iowa Brick and Tile Assoc.) (76) May. 

Heyworth Reinforced Concrete Building.* (67) May. 

The New Ycrk Times Building.* (14) Serial beginning May 14. 


Tilustrated. 
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Structural—(Continued). 


The Fifth Armory, Baltimore.* (14) May 14. 

Foundations for the Sturtevant Hotel, New York City.* (14) May 14. 

Making Concrete Water Tight. (13) May 19. 

The Building Construction the St. Louis Exhibition.* (13) May 19. 

Large United States Brick Store House.* (14) May 21. 

Concrete Steel Chimney Reinforced with T-Bars.* (14) May 21. 

Paints Suited for Structures. (12) Serial beginning May 27. 

Reinforced Concrete Building Construction.* Emile Perrot. (Abstract Paper 
read before the School Arch., Univ. Pa.) (14) May 28. 

All-Concrete Grand-Stand.* (14) May 28. 

The Design the Steel-Concrete Work the Harvard Stadium.* Lewis Johnson. 
(Paper read before the Boston Soc. Civ. Engrs.) (1) June; (14) July 

Report the Committee Technical Investigation: The Formation Dark Cores 
Discolorations the Interior Claywares. Edward Orton. (76) June. 

Concrete Block Manufacture. (60) June. 

The Industrial Exhibit, Mines and Metallurgy Building, World’s Fair, St. 
Louis, Mo.* (76) June. 

Recent Advances Tenement Lawrence Veiller. (70) June. 


une 


Tenement House Problems. Crain. (70) June. 

Flexure Reinforced Concrete Beams.* Hatt. (4) June. 

Cross-Bending Tests Beams Reinforced Concrete.* Howe. (4) June. 

Reinforced Concrete: Discussion.* (4) June. 

The Preservative Treatment Wood.* Samuel Sadtler. (7) June. 

Contributions Our Knowledge White Lead and Its Protecting Properties. Augus- 
tus Gill and Stanley Foster. (7) June. 

The Recent Baltimore.* C.L.Norton. (7) June. 

Descriptive Catalogue the Building Stones Boston and Vicinity. 
and Loughlin. (7) June. 

Arched Roof Trusses Timber (13) June 

Reinforced Concrete Store Chicago.* (14) June 

Strength Steel Castings Ordinary and High Temperatures. (19) June 

(13) June 16. 


Novel Method Erecting the Roof Trusses the 7ist Regiment Armory, New York 
City.* W.T. McCarthy. (13) June 16. 
Reinforced Concrete Piles with Enlarged Footings for Underpinning Building.* 
Albert Holmes. (13) June 16. 

Factory Building with Reinforced Concrete Wall Girders.* (14) June 18. 

Arch Aerial Circus Platform.* (14) June 18. 

The New Structural and Car Shops the Cambria Steel Company, Johnstown, Pa.* 
(14) Serial beginning June 18. 


Design for Reinforced Concrete Bins for Grain Elevators.* (13) June 23. 

Proposed Test for Brittleness Structural Steel.* (Paper 
read before the Amer. Soc. for Testing Materials.) (20) (14) June 25; (62) 
July 21; (13) July 28. 


Tests for Detecting Brittle Steel. Webster. (Paper read before the Amer. Soc. 
for Testing Materials.) (14) June 25; July 22. 

Standard Specifications for Cement. June 25. 

(Abstract Paper read before the Amer. Soc. for Testing Materials.) (14) June 

Some Phenomena the Adhesion Steel and Concrete. (24) June 27. 

New Chuck for Holding Short Test Pieces.* (20) June 30. 

Results Investigation the Durability Paints for the Protection Structural 
Work.* Robert Job. (Paper read before the Franklin Institute.) (3) July. 

Prussian Regulations for Reinforced Concrete Building Construction. (14) July 

Some Notes the Boiling Test Cement. Frederick Lewis. (Paper read before 
the Amer. Soc. for Testing Materials.) (14) July 


Concrete Construction Factory Extension Bayonne, J.* (14) 


uly 

The Seventy-first Regiment Armory Building, New York.* (14) July 

The Early Use 60000-Pound Steel. Samuel Tobias Wagner, Am. Soc. 
(Paper read before the Amer. Soc. for Testing Materials.) (20) July 


oor Panels.* (13) 

uly 

The Strength and Efficiency Mixtures Lime and Cement Mortars. (13) July 

Forms for Concrete Work.* Wadsworth. (15) 

Taking Down and Re-erecting the Ferris July 

Tests Steel-Concrete Beams.* Edgar Marburg. (Paper read before the Amer. Soc. 
for Testing Materials.) (14) July 


Some Details Fire Resisting Construction. John Freeman. (Abstract 
before the National Board Fire Underwriters.) (13) July 14; (14) 
uly 30. 
Results Investigation Certain Structural Paints. Robert Job. (Paper read be- 
fore the Amer. Soc. for Testing Materials.) (14) July 16. 


Illustrated. 
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Underpinning High Wall with Steel Cantilever Girders.* (14) July 16. 

Plant for the Manufacture Concrete Blocks for Buildings.* (13) July 21. 

Some Formulas and Tables for Bin Designing.* R.W. Dull. July 21. 

The Coal Storage and Coal Handling Plant the New York Navy Yard.* Jos. 
Shultz. (13) July 21. 

The Mechanica 


Plant the Hotel Astor, New York City: The Power and Refriger- 
ating Plant the Latest Great Hotel.* (14) July 
The Use [nferior Timbers for Structural Purposes. Hermann von Schrenk. (Ab- 
Paper read before the National Lumber Manufacturers’ Assoc.) (13) 
uly 


Construction Commercial Sand Plant.* (14) Serial beginning 


uly 

The Fallacy the Tests Ordinarily Applied Portland Cement. Richard Meade. 
(Read the Lehigh Valley Section the Amer. Chem. Soc.) (19) July 30. 

Note sur Matage des Joints Clavage dans les Voutes Tourtay. 
Trimestre, 1904. 

Maison Commerce Rapport Kremlin-Bicétre (Seine).* (35) June. 

Calcul d’un Plancher Poutres Poutrelles Associées.* (35) June. 

Poutre Béton Armé: Henkel.* Maurice Thibaut. (30) June. 

Etude des Conditions Prise Platre.* Louis Perin. (33) June 

Emploi des Sables Argileux pour Fabrication Béton. June 18. 


Topographical. 


Recent Methods Hydrographic Surveying.* A.S.Cooper. (13) May 19. 

Steel Tape Measurements on.the Line, 1886 1898.* Spof- 
ford. (14) July 16. 

Water Supply. 


South African Irrigation. Francis Robert Johnson, Am. (54) Vol. 52. 

Inquiry into the Working Various Water-Softeners.* Stromeyer, Mech. 
E., and Baron, Mech. (75) No. 1903. 

Deep Well Pumping Machinery.* Percy Gauvain, (75) No. 1903. 

Softening and Purification Water. J.C. W.Greth. (58) Feb. 

The Waterworks St. Louis.* (12) May 13. 

Meter Plant with Automatic Metered By- Pass.* (14) May 14. 

Water Consumption Pittsburg and the Probable Effect Metering. (14) May 14. 

The Premier Proportional Displacement Water Meter.* (13) May 19; (14) May 21. 

Water Tank-Tower and Its Collapse. (13) May 19. 

Important Considerations the Designing Large Aqueducts. (14) 

Filtration Plant for Watertown, New York.* (14) Serial beginning 

ay «1. 

Some Recent Pumping Engine Tests.* Frank Whitten. (13) May 26. 

The Antwerp Water Works.* (11) Serial beginning May 27. 

Electric Water Power Station New Hampshire.* (27) Serial beginning 

28. 

The Garvin’s Falls Dam and Canal.* (14) May 18. 

Air-Lift Pumping Machinery the Inverted Siphon the New Croton Aqueduct, New 
York City.* (14) May 28. 

Report the Measurement, Consumption and Waste Water Supplied the Metro- 
politan Water District.* Dexter Brackett. (28) 

Some Notes Cost Waterproofing the Concrete Lining Reservoirs. 
Hawley. (28) June. 

The and Prevention Water Waste Marion, Ohio. Edward Cowan. 
(2 une. 

Thawing Frozen Service Pipes Electricity.* Frank McInnes. (28) June. 

The Life Cast Iron Pipe. Cavallier. (28) June. 

Rates for Metered Water: Topical Discussion. (28) June. 

Tests Laval Steam Turbine Centrifugal Pumps. (64) June. 

The Turbine Centrifugal Pump.* (64) June. 

Strainers.* W.E. June. 

Fire Protection for Factories: How Its Value Shall Determined and Who Shall Pay 
Purdy. (28) June. 

Report Committee Private Fire Protection.* (28) 

Power and near Joliet, Using Chicago Drainage 
Canal Water. Thos. Johnston. (4) June. 

Some Tests High-Speed Centrifugal Pumps.* (13) June 

The Water Supply System St. Louis.* W.E. Rolfe. (14) June 

Hudson River Power the General Electric Works.* (27) June 11. 

Round Hill Dam, Spring Brook, Pennsylvania.* Marshall Leighton. (14) June 11. 

Papers Meters, Pipes and Private Fire Systems before the American Water 
Works Association. (14) June 11. 

Effect Meters, New Storage Yield Watershed, Newark Water Works.* 
(14) June 11. 

Irrigation Works.* Guy Mitchell. (19) June 11. 

Water Service the Baltimore Fire. Alfred Quick. (Abstract Paper read before 
the Amer. Water-Works Assoc.) (14) June 11. 
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Water Supply—(Continued). 


Modifications the Plan the New Croton Dam.* William Hill, Am. Soc. 
(Paper read before the Amer. Water-Works Assoc.) (13) June 16. 

The Meter System Cleveland.* (13) June 16. 

High-S otor-Driven Pump.* June 17; (18) June 18. 

Bear River Power Plant and Utah Transmission Systems.* (27) Serial beginning June 18. 

Repairs and Reconstruction the Old Croton Aqueduct.* (14) June 18. 

Report the Committee the American Water Works Association Standard for 
Water Rates. (14) June 18. 

Tests Premier Meter, and the Testing Piant the National Meter Com- 
pany. (14) June 18. 


The treatment Moorland Prevent Action upon Lead Pipes.* Clem- 
esha Smith, Inst. E., and Chaplin. (Abstract Paper read before the 
British Water-Works Assoc.) (13) June 23. 


The Use Engines for Wheeled Scrapers the Goulburn-Warango 
Water-Works, Victoria, Australia. Dunlop. (13) June 23. 

Water Softening the Southern Pacific.* Stillman. (15) June 

Water Softening the Union Pacific. Shurtleff. June 24. 


Station and Other Features the New Bedford Water Works.* 
14) June 


Concrete Work the Washington Filtration Plant. Hardy. (14) June 25. 
Water Supply Worcester, Mass.* F.A. McClure. (60) July. 
The Lower Roxborough Preliminary Filters.* (2) July. 


Failure Oakford Park Dam Across Brush Creek Near Jeannette, Pennsylvania.* 
rison Souder. (2) July. 


Meter Not Meter. Bruyn Kops.* (60) July; 
Removal Anabaena from Reservoir Water. (14) uly 
Open Slow Sand Filters Yonkers, Y.* uly 
Unusual Water-Power Kykkelsrud, Norway.* (14) July 
Reagent Feeding Device for Water Softening.* (18) July 


Rubble Concrete Dam for the Atlanta Water and Electric Power Co.* (13) July 
Pumping Engines Hinksford.* (12) July 


Concrete Work the New Croton Dam Extension.* uly 
Concrete and Puddle for Reservoir Embankments.* Watts, Assoc. Inst. 
Paper read before the British Assoc. Water-Wcrks Engrs.) (14) 


(14) July 


uly 
The Sulphate Treatment for Algae Elmira, James Caird. (13) 


July 14. 
simple Sand Stephenson. (13) July 14. 
The Ancient Water-Tanks Aden, Arabia.* Arthur Riggs. (13) July 14. 
The Chesuncook Timber Dam.* Tower. (14) July 


The Kern River Company’s Hydro-Electric Power Enterprise.* Burr Bassell, 
(13) Juty 21. 


Foaming Waters and Scaling Waters for Locomotive Boilers. Wells. (From 
Nebraska (13) July 21. 
Walter Filters for Railr Use.* (15) July 22. 
Birmingham’s New Water July 22; (12) July 22. 
Reservoir Gatehouses and Concrete Lining.* (14) Serial beginning 
uly 


Concrete dam and Wood-Stave Conduit for Lynchburg Water-Works.* (14) Serial be- 
ginning 23. 


The Catawba River Power Development near Rock Hill, C.A. Mees. (14) Serial 
beginning July 23. 


Power: Elements Financial and Commercial Success. Thorburn 
eid. (10) Aug. 

Notable Mexican Hydro-Electric Plant.* Robert McF. Doble. (9) 

Note sur Instable les Changements Forme Certaines Veines Liquides. 


Bazin. (43) Trimestre, 
des Pilots Fondation Plateau Béton Qui les Coiffe.* Roussel. 
Chimique pour Mesure Débit des conduites d’eau.* (33) 
pr. 


(30) 

Méthode 

Appareils Sextuple Effet pour Production Economique 
Souakim (Egypte). (33) May 


Les Nouvelles thodes d’Etudes des Eaux Destinées des Villes. 
Felix Marboutin. (36) Serial 10. 


pour Eau New York. Ed. Imbeaux. (36) 
10. 
Waterways. 
The Breakwater Buffalo, New York.* Emile Low, Am. Vol. 52. 
Desirable Method Dredging Channels Through River Maximoff, Assoc. 
Dock Liverpool.* George Cecil Kenyon, Assoc. Am. Soc. 
(54 ol, 5%. 
Rock Steel and Concrete Light-House, California.* (14) May 14. 
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Concrete Steel Cribwork Wharf Construction Harbor, Ontario.* (13) May 26. 
Boring Sounding Holes Through Ice.* (13) May 

Ferro-Concrete Lighthouse.* (12) May 27. 

The New Ship Canal South Buffalo. May 27. 

Mile Rock Lighthouse, San Francisco Bay. (13) une 16. 

The Dredger Marquess.* (46 June 18. 

The Thames Conservancy. (12) June 24. 

Lowering the Chicago Tunnels. Ernst. (14) June 25. 


The Southampton Docks and Cold Storage Plant the London Southwestern Rail- 
way.* (40) July 

Folkestone Pier and Harbour Works.* (11) July 

Conditions Affecting the Construction the Canal. Henry Abbot. 

Aug. 

Note sur les Travaux Réfection des des Formes Nos. Port 
Dunkerque. Lahaussois. (43) Trimestre, 1904. 

Notice sur les Siphons Tréport.* Herzog. (43) Trimestre, 19(4. 

Ravaillon. (30) 

Dock Flottant Barcelone.* Daniel Bellet. (36) May 10. 

Maritime Port Zeebrugge.* Ch. Piens. (30) Jure. 


Port Valparaiso: Projets d’Amélioration d’agrandissement.* Ch. Dantin. 
(33) July 16. 


q 


. 
« { 
| 3 
‘ 
4 
| 
q 


| 


Vol. XXX. AUGUST, 1904. 


AMERICAN SOCIETY CIVIL ENGINEERS. 


INSTITUTED 1852, 


PAPERS AND DISCUSSIONS. 


This Society not responsible, body, for the facts and opinions advanced 
any its publications. 


CONTENTS. 


Papers: 


General Methods for the Calculation Statically Indeterminate Bridges, 
Used the Check Calculations Designs for the Manhattan Bridge 
and the Blackwell’s Island Bridge, New York. 


Rational Form Stiffened Suspension Bridge. 
Theory and Formulas for the Analytical Computation Three-Span Sus- 
pension Bridge with Braced Cable. 


PAGE 


Discussions 


The Collapse Building During Construction. 

Phenomenal Land Slide. 

Sedimentation. 

GALEN PEARSONS and ROBERT SPURR 
The Gatun Dam. 

Lateral Earth Pressures and Related Phenomena. 

BREWSTER STANTON and RICHARD LAMB 
Lake Cheesman Dam and Reservoir. 


PLATES. 


Plate Strain Diagram for Middle Span, Manhattan Bridge.............. 
Plate Strain Diagram for End Spans, Manhattan Bridge......... 
Plate Formulas: Least Work for Moving Load........... 
Plate Working Load Strains, Main Span, Manhattan Bridge........... 
Plate Working Load Strains, Side Spans, Manhattan Bridge.... 

Plate Congested Load Strains, Main Span, Manhattan Bridge.......... 
Plate XXXVIII. Congested Load Strains, Side Spans, Manhattan Bridge.......... 


No. 
“ 
514 
558 
3 
q 
588 
614 
{ 
624 
629 
640 
578 
580 
582 
q 
= 
4 
4 


Vol. AUGUST, 1904. No. 


AMERICAN SOCIETY CIVIL 


INSTITUTED 1852. 


PAPERS AND DISCUSSIONS. 


This Society not responsible, body, for the facts and opinions advanced 
any its publications. 


GENERAL METHODS 
FOR THE CALCULATION 
STATICALLY INDETERMINATE BRIDGES, 
USED THE CHECK CALCULATIONS 
DESIGNS FOR THE MANHATTAN BRIDGE 
AND THE BLACKWELL’S ISLAND 
BRIDGE, NEW YORK. 


PRESENTED SEPTEMBER 1904. 


Two huge suspension bridges, the old Brooklyn and the 
Bridge,” now span the East River, uniting Manhat- 
tan with the adjacent boroughs Greater New York Long Island. 
Two other great bridges across the East River have been projected, 
and are now process construction, the ‘‘Blackwell’s Island 
and the Manhattan Bridge,” designed the City Depart- 
ment Bridges, under the direction Lindenthal, Am. 
Soc. E., former Commissioner Bridges, assisted consulting 
architect, Mr. Henry Hornbostel. Subjected the criticism, 


papers are issued before the date set for presentation and discussion. 
Correspondence invited from those who cannot present the meeting, and may 
sent mail the Secretary. Discussion, either oral written, will published 
subsequent number Proceedings, and, when finally closed, the papers, with dis- 
cussion full, will published Transactions. 
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advice and approval the Municipal Art Commission, body 

eminent architects and artists, and special engineering commission 

five the most prominent bridge engineers the country, 
promise give New York two the most handsome and serviceable 

great bridges the world. And the same broad policy, giving 

the city the benefit the advice, criticism and expert knowledge 

specialists outside the department, being pursued matters 

detail, drawing the specifications and making independent 

check sets stress calculations, similar freedom from fault and error 

may expected here. 

The methods used making the check sets stress calculations, 
which were assigned to, and have been made by, the writer, the 
subject this paper. presented the belief that the methods 
described are exceptionally simple, easy application, 
general, well accurate and reliable, that they are well worth 
the attention American bridge engineers generally, and with the 
hope that the exceptional magnitude the two great bridges 
which these methods were applied with perfect success, will win 
for them attention and consideration which otherwise could hardly 
secured. These methods include nothing new; that is, noth- 
ing not already well known and used Europe; but, far the 
writer aware, they are little known this country and have not 
previously been described complete, brief and clear manner. 
the purpose the writer attempt such description, and 
trusts that the reader will pardon any repetition matter already 
well known, the inclusion which made necessary for the sake 
completeness. 


The two bridges question are what are known 
determinate structures,” viz., structures with more inner parts 
outer restraints than are necessary for their definition (or make 
them ‘‘just and the calculation the stresses, therefore, not 
possible through the simple application the equations equilib- 
rium. For this calculation there required, addition, the con- 
sideration distortion under load and the consequent distribution 
stress among the different parts the structure. This involves, 
turn, knowledge, not merely the form the structure, but the 
dimensions, material and elastic qualities its parts, and necessitates 
much longer and more complicated calculations, the results which 
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are much less reliable* than the case the simpler statically-deter- 
minate structures. However, these calculations are frequently neces- 
sary, this case, and are wholly concerned here with the 
exposition simple, clear and reliable general method for this pur- 
pose. 

the structure were determinate, had unnecessary 
outer restraints inner parts, the calculation the stresses the 
ordinary laws equilibrium would offer difficulties. any 
actual indeterminate structure calculable would necessary 
remove the superfluous restraints and cut the superfluous parts. 
that case the structure would longer act did previously. 
Suppose, however, that the restraints thus removed and the stresses. 
the cut surfaces thus eliminated, replaced forces such will 
make the distortion the structure exactly what would have been 
the superfluous restraints had not been removed and the superfluous. 
parts had not been cut. The stresses would then maintained 
though nothing had been changed, and they would readily expressed 
terms the loads and the replacing forces. But these replacing 
forces are unknown. How shall they determined? Simply 
requiring them such that the distortions which they, together 
with the given loading, cause, shall precisely the same 
though restraints had been removed and parts had been cut.. 
That is, they must such that the points free from restraint will, 
nevertheless, follow the path restraint, and the cut surfaces the 
parts cut shall, nevertheless, remain together though they were not 
cut. These conditions may express through equations 
distortion, and these equations will found precisely equal num- 
ber the unknown forces, and consider the 
particular cases the Blackwell’s Island and the Manhattan Bridges. 

Both these bridges are frameworks, and are treated under the sim- 
plifying assumptions usual with frameworks, the calculation being 
limited, both cases, the main truss systems. 

the case the Manhattan Suspension Bridge have 
structure three spans consider, viz., one center span 470 ft. 
and two side spans 725 ft. each. The center span inverted 
Fundamental Propositions Relating the Design 
April, 1901, and Exact Design Statically Indeterminate Frameworks, 


its Possibility, but Futility,” Transactions, Am. Soc. E., Vol. 
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arch supported rocking towers. The side spans are inverted semi- 
arches, each supported tower one end and anchorage the 
other. Horizontal motion the anchor ends the anchor spans 
prevented anchor chains, which are continuations the top chords 
and which extend far down into the anchorage masonry, where they 
are made fast.* 

Suppose one the anchor chains cut; the structure would 
reduced three simple spans and become once statically deter- 
minable. But would not act before. The cut anchor chain 
stress must replaced pair equivalent forces, applied the 
order determine this pair forces, only necessary 
express the condition that the cut ends the chain shall remain 
just touching, result the distortion the structure from these 
forces and the load. Or, suppose that the middle lower chord bar 
the center span cut, that hinge introduced the middle 
the upper chord bar above it, and that suitable diagonals this hinge 
provided, place the normal pair counters the center 
panel. The structure then reduced inverted three-hinged 
arch two rocking piers braced two anchored side spans, and, 
before, becomes statically determined. Again, would not act 
before, and the stress the cut bottom chord bar must replaced 
pair equal and opposite forces applied the cut ends. 
order determine these forces only necessary express the con- 
dition that the cut ends the bar shall remain just touching, 
result the distortion the structure from these forces and the 
load. 

the case the Blackwell’s Island Bridge have cantilever 
structure five clear spans consider, viz.: (1) Manhattan 
shore span 469.5 ft.; (2) cantilever arm 591 ft. extending over 
the west channel the East River, met similar cantilever arm 
591 ft. from the Blackwell’s Island truss, making river span 182 
ft.; (3) the main span the Blackwell’s Island truss over the island, 
630 ft.; (4) arm 492 ft. over the east channel the East 
River, met similar cantilever arm 492 ft. from the Queens 

The analysis this structure the degree indetermination the outer 
forces may made follows: There are four points support for the truss system; 
therefore, with two reaction elements each support, there would eight reaction 
elements determine; but the towers the reactions are vertical, thus leaving only 
forces plane and the further that the moment 


outer forces either side section either tower, about the summit that tower, 
One condition remains furnished through elastic relations. 
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‘truss, making another river span 984 ft.; and (5) the shore span 
the Queens truss, 459 ft. Unlike usual American cantilever bridges, 
which are the statically determinate type, the ends the cantilever 
arms are not here separated, horizontally, gap spanned con- 
necting truss, but the end the cantilever arm from one shore comes 
vertically over the end from the other shore, and the two are connected 
long, rigid, vertical member ‘‘rocker These two 
rocker arms, one each river span, make the structure doubly static- 
ally indeterminate.* 

Suppose both these rocker arms cut, the structure would reduced 
three simple spans with disconnected cantilever extensions and 
would become statically determinable. make act before, the 
rocker arm stresses must replaced pairs equal and opposite 
(unknown) forces applied the cut ends. order determine 
these forces must express the conditions that the cut ends the 
bars remain just touching, result the distortion the 
structure from these forces and the load, two conditions (since there 
are two cut bars) corresponding the two pairs forces which are 
determined. 

all cases, then, the problem reduced that expressing 
certain displacements the structure terms set forces, some 
known and some unknown, acting upon statically determinate 
structure. may, therefore, the usual methods, and simply 
through the laws equilibrium, express the stresses all parts 
the structure terms these forces, known and unknown, and 
thence, through the stress-strain relations for the given materials 
and for the given sections, express the strains. only remains 
express the displacements sought terms these strains, equate 
them properly and obtain the required conditions. Thus far, probably 
nothing has been stated that not familiar all. But how shall 
express the desired displacements terms the strains the parts? 

Various methods may adopted tothis end. Until quite recently, 


side section through either rocker arm zero. Two conditions remain fur- 
nished through elastic relations. 
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methods were applied which were either accurate, but very laborious, 
or, less laborious, but only approximate, often based theorems 
flexure. But, not much more than twenty thirty years ago, was 
this end. Briefly stated, this theorem simply asserts that the dis- 
resulting from given displacement distortion some other part 
the body, equal the work done that other part the body 
the stresses there due unity force the direction its 
displacement, through their displacements. Specifically, bar, 
subject only direct stress, extended and unity force 
applied the direction which its (A’s) displacement was 
desired caused stress, the bar, then the displacement 
the given direction caused the extension, The basis 
this statement very simple. The work done the force unity 
through its displacement, must equal the corresponding work 
done the stress, through the stretch the bar, since these 
are forces system equilibrium, and the only ones whose 
relative displacement involved. This means, course, that the 
structure must such that the independent extension the bar 
possible; word, must statically determined that extent. 
Thus, get the displacement given direction have only 
apply imaginary force unity that direction, determine 
the corresponding stresses the various parts the (artificially) 
statically determined structure, find the work (positive negative) 
done these through the actual strains, find the algebraic sum 
these work elements, and the result will the actual displacement 
the point, the given direction, result the given set 
strains. Analytically, this expressed for framework the well- 
bars due unity force the direction its required displace- 
ment, and expresses the actual elongations the corresponding 
bars from whatever cause, stress, temperature change, etc. The 


elongations, due stress are, for prismatic bars perfectly 
elastic material, course, 


and the stresses, may expressed simple linear functions 
the loads, and the unknown forces replacing the removed restraints 
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and stresses. Ultimately, this evidently results the expression 
each (and therefore each the required conditions), terms 
simple linear equation the forces known and unknown. The 
solution these linear equations, which are equal number the 
unknown forces, gives their values.* 

Turn again the particular examples considered. Sup- 
pose, the Manhattan Bridge, that cut anchor chain and that 
made the horizontal component the stress the anchor chain, 
the unknown force determined. Suppose cut the Man- 
hattan anchor chain the shore end the Manhattan shore span. 
Let find the analytic condition that under any given load and 
the corresponding the separation the cut ends the anchor 
chain shall zero. Or, still better expression, this case, let 
find the separation the cut ends the anchor chain due any 
given load, and the horizontal pull, necessary reduce this 
zero. This will then the required value. 

First, let find how much separation the cut ends horizontal 
pull unity would overcome. Let the stresses throughout the 
structure resulting from the application pair equal and opposite 
pulls whose horizontal component unity, the cut ends the 
cable—that is, the stresses the structure due unity horizontal 


(see Fig. 1). The elongations the bars under these 
stresses would be, 


and the separation which would overcome would be, 


What would the separation the cut ends the anchor chain due 
given load acting alone? What, for example, would the 
separation due unity applied the center the center 
span? Let the stresses throughout the structure due unity 
load that point. must.be remembered, here, that are dealing with 
the structure with anchor chain cut, and therefore acting three 
simple spans. The are simply the stresses the middle span and 
the towers, due load unity the center the middle span acting 


See George the Application the Principle Virtual Velocities 
the and Stresses Frames.” Journal the Franklin 
nstitute, 
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simple truss supported its ends. 
the bars are, 


The consequent elongations 


and the separation the cut ends the anchor chain resulting from 
these elongations is, 


the minus sign being used because the are due unity pull, that 
is, they are forces acting contrary separation. And since unity 
horizontal component will overcome the actual 
horizontal component due load unity the center the center 
span the actual structure (with uncut anchor chains) must be, 


the same way, applying load unity any other point, 
determining the consequent stresses and thence the strains the 
members the structure (with anchor chain cut), and the con- 
sequent separation, the cut ends the anchor chain, could 
find the value the horizontal component 

necessary reduce this separation zero, that is, the real value 
due this load the actual structure. Thus could find the 
value the actual structure for load unity each load point, 
whence, multiplication any loads, and summation, the value 
for those loads would follow. And since the actual stress due 
any loading will the stress for that loading, there were 
horizontal component (anchor chain supposed cut), plus the stress 


due the actual horizontal component for that loading, analy- 
tically, 


the problem the determination the stresses the actual struct- 
ure for any actual loading would herewith solved. 

the Blackwell’s Island Bridge, suppose had cut the two 
and made their stresses, and, the unknown 
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forces determined. The principles are the same before, but 
the work less simple, have two (unknown) variables 
instead one. have find the analytic conditions that, under 
any given load and the corresponding rocker arm stresses, the sepa- 
ration the cut ends the rocker arms shall zero. 
First, let find what displacements the ends the cantilever 
arms (the cut ends the rocker arms) would result from unity pull 
those ends, the sense tension the rocker arms, but the 
supposition that both rocker arms are cut. have, Fig. the 
stresses due such pulls unity throughout the structure. Let 
denote these stresses the left-hand Manhattan truss, 
those the center Blackwell’s Island truss for pull unity the 
left (or Manhattan) cantilever end, those this truss for pull 
unity the right (or Queens) cantilever end, and those the 
right-hand Queens truss. The upward deflection the end 
the cantilever the Manhattan truss, for any elongations, 4,, its 
bars would be, and, consequently, for the elongations 


due unity upward pull the end the cantilever arm, this 


is, 


similarly, the downward end the left cantilever 
arm the center for any elongations, 4,, the center span 


due unity downward pull the end the left cantilever arm, the 
downward is, 


LOP, 


the same way, for the downward deflection the end the right 
cantilever arm the center span, have, gen- 
erally, and 
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for that due unity downward pull the end the right cantilever 
arm, and for the upward the end the cantilever 
the Queens truss, have, generally, and for unity 
upward pull the end the cantilever arm, 

Finally, the downward deflection the left cantilever arm 
the center span, due downward pull unity the end the 
right cantilever the center 


which equal the deflection the end the right cantilever arm 
the center span, due pull unity the end the left 
cantilever arm. 

Now, let raise the question, what would the rocker arm 
stresses due single load, say unity; applied any load point 
the structure? these stresses and respectively. 
Then the actual stresses the structure may evidently built 
two parts, Sp, those due the load alone, considering the rocker 
the center span and the right shore span. The corre- 
sponding elongations the bars are 


The consequent separation the cut ends the left rocker arm will 


according the load the left, the center the right truss. 
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Similarly, the separation the cut ends the right rocker arm 
will 


according the load the left, the center the right truss. 


these expressions, the terms for the stretch the rocker arms must 


not forgotten. The solution these two simultaneous equations 


which are linear our only two unknown quantities, and, 


will give their values. solving these equations, successively, for 


load unity each load point, could find the values the rocker 
arm stresses for each such load, and thence, summation, for any 
loads. The actual stresses due any loading are those which would 
exist there were rocker arms plus those due the actual rocker 
arm stresses, or, analytically, 


left truss center truss right truss 


that the problem for the actual structure and for any loading 
thus solved. 


may note that, for any loading, the equations 


an 


furnish their the values and and 


thence the actual stresses. may further note the special cases, 


first, load unity suspended the end the left (or Manhattan) 
truss cantilever arm, for which simply, where find 
solution the rocker arm stresses, 


— 
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and, second, the case unity suspended the end the right (or Queens) truss cantilever arm for 
which simply, and where, 
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have now seen how the calculation indeterminate struct- 
ure may reduced that determinate structure, doing 
away with superfluous restraints cutting superfluous parts, sub- 
stituting for the influences thus destroyed corresponding replacing 
forces; how these replacing forces are determined expressing the 
condition that the distortions shall remain before; and how 
may most easily express these latter conditions, analytically, the 
aid the principle virtual velocities, thus obtaining simultaneous 
linear equations the unknown replacing forces (equal number 
those forces), whose solution gives the values these forces and 
reduces the calculations those determinate structures. And 
have followed this process the case two particular structures. 
But much yet remains considered the way perfecting and 
completing our procedure. 

have, true, already shown how may obtain analytic 
expression for the value each the replacing forces for any given 
loading, and have given such expressions, their elements, for 
the two bridges whose calculation here used for illustration. But, 
for such calculation, wish able determine readily these 
replacing any loading, and the application these formulas 
separately each loading would exceedingly for even 
single application involves much labor. Evidently, anything that 
diminishes this labor will highly desirable, and, first step, 
must note the determination the values the replacing forces for 
unity each the load points. Then the values for all 
other loadings follow once from these simple multiplication and 
summation. This procedure would reduce the applications our 
formulas many loadings there are load points only, 
great saving, but still leaving far too much work done. 
Here, again, another theorem comes our rescue—that the recip- 
rocal nature displacements, often called, the theory structures, 

reciprocal and known, the general theory 
the elasticity solid bodies, Betti’s reciprocal theorem.” 
Briefly, Maxwell’s theorem asserts that the displacement any point, 
any given direction, due unity force any given 
due unity force applied the first direction, The 
reason for this exceedingly simple. Let the displacement 
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the direction, due unity force and the simultaneous 
tial energy the body will increased through the application 


the force unity b'. Now let unity force applied 


the direction, the displacement, and let suffer the con- 
sequent further displacement, a’, the same direction, and the 
further displacement, the same direction, The potential 


applying both forces unity 


But suppose the forces had been applied, first and 
then under the force there applied, would have been dis- 
placed while was simultaneously displaced the potential 


energy now increasing Then, applying the second force 


displaced resulting further increase the potential 


energy and the total increase, from applying both forces 


der application the loads cannot affect the ultimate result, 

Consider the practical bearing this theorem our problem. 
wish know the stress certain superfluous member the 
restraint acting certain part the structure due forces ap- 
plied any certain other points which may term load points. 
Suppose the member, whose stress sought, cut, the re- 
straint, whose amount desired, removed other superfluous 
members restraints remaining unchanged), and pair equal and 


The following brief based the virtual velocities recom- 
mended Prof. George Swain, Am. Let the stresses the bars 


due unity force the direction, and the the bars due 
unity force Bin the direction, The displacement the direction. 


a 
the displacement the direction, due unity force the direction, 
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opposite forces unity applied the cut ends place 
the removed restraint. Through the methods already described, 
can determine the consequent stresses, and therefore strains, all 
members due the pair forces unity. Suppose now deter- 
mine the consequent displacements all the load points and also the 
separation the ends the cut member, the points between 
which the removed restraint acted. Evidently, Maxwell’s theorem, 
the separation the ends the cut member (or the points between 
which the removed restraint acted) due unity force applied any 
load point, would equal the displacement that load point 
the direction this applied force, due the pair forces unity. 
And this quantity, divided the separation the cut ends (or 
the points between which the removed restraint acted), due the 
pair forces unity, would give the value the stress restraining 
force sought. 

The problem now reduced that obtaining displacement 
diagram the load points for known set strains. There are 
many methods which this may done, among others that the 
successive application the principle virtual velocities each 
load point; but even this unnecessarily long and laborious, unless 
exceptional accuracy desired. Far simpler and briefer, the 
case frameworks, are certain graphical methods which have now 
described. 

The first these the Williot displacement diagram. Suppose 
that from any two points, and (Fig. 7), two bars, and 
extend, meeting Suppose that and each suffer certain dis- 
placements, and, further, that and suffer certain changes 
length, and that have find the resulting displacement the 
joint, 

now swing about and about until the free 
ends meet this will the new position the joint and 
will the displacement sought. Practically the displacements, 
and and the changes length, and will ex- 
tremely small compared with the lengths, Cand and the 
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tically coincide with the perpendiculars from 

the only essential part the 
all need draw. And, since exaggeration 


does not affect its proportions, may 
make any convenient size. Thus, from 

and thousand times their real amount, 
lay off, the directions the bars (which 
remain practically unchanged) their changes 

tively, also exaggerated thousand times. From and 
draw lines, and perpendicular direction the 
directions the bars, and their intersection, furnishes the 
and direction. The method simple and, when the 
intersections are good, exact. When the intersections are not good, 
the construction itself likely bad. 

This method, applied repeatedly, enables find the displace- 
ment all joints any framework which can built adding 
successive pairs bars, for any given set strains. must start 
assuming fixed point and fixed direction and build upon these. 
The various displacements, thus found, will then have corrected, 
generally, for the error the assumption that certain direction was 
fixed. This most readily done noting the true displacement 
some point, which usually obvious, and proportioning the cor- 
rections all other points its correction, simple matter, since 
involves simply the corrections due small rotation the frame- 
work. The displacement each joint, due the rotation the 
framework about any point, is, direction, perpendicular the line 
connecting the point with that joint and, amount, proportional 
the length this connecting line. If, therefore, draw figure 
similar our framework, but rotated 90°, the sense the correct- 
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ing rotation, with one its points, which actually fixed, coinciding 
with the displacement position that point the Williot diagram, 
and such scale shall make the line from any other its points 
the corresponding displacement position that point the Williot 
diagram correctly represent the actual direction the displacement 
that point, then the points this figure, thus drawn, will give us, 
their distances and directions from the actually fixed point, the 


4 


rotation displacements all 
these points. The distance and 
direction from any one the 
joints this figure the corre- 
sponding displacement position 
the point the Williot dia- 
gram will give the actual dis- 
placement amount and direc- 
tion (all, course, the exag- 
gerated scale). 

For example, consider the 
simple truss Fig. supported 
regard fixed point and 
2-4 fixed direction, and, 
starting from proceed the 


corresponding Williot displacement diagram. Suppose 2-4 have 
the extension The extension, 2-5and compression, 

4-5 enable find the corresponding displacement posi- 
tion, whence the extension, 2-1 and the compres- 
sion, 5-1 enable find the displacement position, 
Lastly, the extension, and the compression, 
represents the magnitude and direction the motion 
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reference fixed point and 2-4 fixed direction. Now the 
actual displacement zero, and the actual displacement 
the direction the plane its roller bed, instead the direction, 
combining its displacement, with respect the sup- 
position that 2-4 fixed direction, with such rotational displace- 
ment about shall give the actual displacement the roller bed 
direction. This rotational displacement occurs perpendicular 
the line 1-3, therefore find the intersection, 3’, 
perpendicular 1-3 with the line, the roller bed direction, 
and the actual displacement amount and direction. 
Now construct the figure similar the original 
the actual displacements the points, and amount and 
direction (to the exaggerated scale). 

The Williot displacement diagram thus furnishes exceedingly 
simple and beautiful method attaining the desired end. But, 
practically, this method has defects. tends sum and mul- 
tiply errors, even more than does the use the ordinary Cremona 
stress diagram. Andif the elongations the members are laid out 
reasonable scale the displacement diagram whole becomes 
excessively large. making several independent diagrams, espe- 
cially with different points and lines assumed fixed, and averaging 
the results, the first these objections can overcome part, but 
for greater accuracy another procedure often preferable. 

bridges, the load points are, rule, either the top bottom 
chord joints are connected, simply, with them. needed 
such then, isthe deflection curve” the line” for unity 
value the replacing force under consideration. This curve permits 
comparatively accurate and ready deter- 
mination variety ways, but, the 
case frameworks, probably the best way 
is, first, determine the deflection angle 
each panel the load line, 
from which the curve readily 
follows. determine these angles (say 


the angle between two adjacent chord 
members, each case), have deter- 
mine the distortion angles the triangles 12. 
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whose sides are part the members meeting the joint. And these 
distortion angles, may very readily determine the aid 
polygons, follows: Let (Fig. 12) such triangle and the dis- 
let shorten Then will the resulting position 
But this means that will have swung through the small 
we 
angle have then only determine, accurately, 
order solve the problem. Practicaily, lay out CC", 
allel Cand equal the same scale. The perpen- 


14. 


and thus which, measured the exaggerated scale, the 
quantity sought. The triangle, which this work done, 
would preferably part the figure the truss, carefully and 
accurately drawn. Proceeding thus, from triangle triangle, 
readily obtain these distortion angles and thus, summation each 
joint, carefully observing signs, the deflection angles each joint. 
now only remains find the corresponding deflection curve. 

The deflection angles thus being known, the curve may 
easily found, either graphically analytically. The former 
method trifle simpler and, generally, amply accurate. pro- 
ceed follows: Suppose have straight horizontal load line, 
practically the case most bridges. vertical carefully lay 
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off successive distances proportional the successive 
angles, preferably adding the figure values the angles one 
side and plotting the sums all from one point, avoid the accumula- 
tion errors. Now, lines were drawn from these points 
point suitable (great) distance, the angles between them would 
the deflection angles. Instead, take comparatively near point 
which the tangents the angles are multiplied 
corresponding degree, and draw radiating lines the set points. 
Now, parallel these lines from the pole, draw, from panel vertical 
panel vertical the load line, lines the curve, which 
thus once obtained the exaggerated scale. have only 
note this curve the points deflection, draw straight lines 
through them, and from these measure the deflections. They will 
the desired the exaggerated scale. 

Thus, let 7,8 (Fig. 14) the panel points the load 
angles these points. Let convenient distance, taken 
drawn with its sides parallel the corresponding 
from This curve will be, exaggerated scale, the 
curve sought. Let the points, and the load line points 
then the actual deflections must measured from the line, 
the points the curve. Questions scale must 
carefully looked into, course, but this matter detail for 
which are not warranted taking space here. 

This completes the description the general method pur- 
sued the complete determination the replacing forces for all 
load points. Let briefly note what this work was the cases 
the Manhattan and the Blackwell’s Island Bridges. 

the case the Manhattan Bridge had the value but one 
replacing force determine for each load point, namely, the value 
the Cutting the anchor chain and applying 
tensions, unity horizontal component, the cut ends, 
set stresses (and therefore strains) resulted, which have already 
noted, and, consequently, certain deflection curve the load line. 
This was found determining, first, the distortion angles each 
the triangles which formed the trusses, resulting from the strains due 
unity horizontal component, Williot polygon being drawn for 
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each triangle. Thence the deflection angles the bottom chords 
were found simple summation the distortion angles each 
joint. Thence the deflection curve the bottom chord was found, 
which would the same, this case, that the load line. But, 
the bottom chord was, some neither practically straight, 
nor horizontal, was necessary that certain small corrections (equal 
each panel the vertical component the shortening the 
chord bar that panel) added the deflections which were 
found solely from the deflection angles hitherto described. The 
final result was load-line deflection curve for each the side spans 
and the center span, whose ordinates were strictly proportional the 
value the horizontal component the bridge due load unity 
those points. Dividing these ordinates the separation the cut 
ends the anchor chain, which unity horizontal component would 
overcome, previously analytically determined, the actual values 
for load unity the various panel points were obtained. These values, 
for which shown the illustrations for the influence lines. 

the case the Blackwell’s Island Bridge the procedure was 
quite similar, but trifle less simple, for there were two indeter- 
minate forces consider. The deflection angles and curves were 
determined, before, for each main panel point, and for unity pull 
the end each cantilever arm. Now, the left rocker arm alone 
being supposed cut, and pair equal and opposite pulls unity 


the right rocker arm, and the actual were follows: For 


the Manhattan truss, those due unity upward pull left rocker 
arm; for the Blackwell’s Island truss those due unity downward 


applied cut ends, certain consequent stress, resulted 


pull the left rocker arm plus those due the right 
rocker arm; and, finally, for the Queens truss, those due 
L)L 


upward pull the right rocker arm. The line ordinates 
the left rocker arm stress were proportional these ordinates, 
and since the actual values for load unity the left and the right 
rocker arm points were and all other values thence 


followed once. The procedure for the influence line for the right 
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rocker arm stress was entirely similar, but was here based unity 


This, brief, covers the work necessary for the full determina- 
tion the replacing forces the elements,” they 
are somewhat contradictorily called. From this point any usual 
methods become applicable, but the writer desires 
insist the advantages continuing the work actual calcula- 
tion the use influence lines, was done the two cases 
here described. There are also certain important, although simple, 
modifications the infiuence line method, here used, which are 
worth little further description and the serious consideration all 


pull the right rocker arm the left rocker arm. 


who may ever undertake such work. 


may assumed, course, that all are familiar with the nature 
lines and their use, but, for completeness, may here de- 
scribe influence line one, plotted from given base line, which 
corresponds the load line the structure, with ordinates each 
point this base line equal (or proportional) value the influence 
unity the corresponding point the load line the 
structure, the part member which the influence line refers. 
The question ordinarily the stress the part 
the member concerned, but might well strain dis- 
placement. 

will assumed here that the reader familiar with the 
methods drawing and checking normal influence lines statically 
determined structures, which are ordinarily composed not more 
than three four straight lines. will therefore consider only 
influence lines for statically indeterminate structures. 

The normal line statically indeterminate structure, 
often referred curve because made up, most, straight 
lines, from panel point panel point only, may drawn con- 
structing first the simple influence line the part concerned for the 
statically determined structure formed when the superfluous restraints 
are supposed removed and the superfluous bars cut. each ordi- 
nate this line may then added (algebraically) the influences 
the replacing forces the part concerned, for load unity the point 
the structure corresponding that the influence line for which 
the ordinate being determined. For this purpose should first 
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prepare influence line each the replacing forces, previously 
explained, and diagram table for each the replacing forces, 
giving the the replacing force, when unity value, 
each part the reduced statically determined structure. These 
diagrams tables would give the values the stresses, S', previously 
mentioned, and would already hand. The figuring the 
forces corrections the statically determined influence 
line given part, then, simply involves multiplying the ordinate 
the influence line each replacing force the load point for 
which are determining the ordinate, the value the 
that replacing force the part whose influence line are 
constructing, shown the diagram table, and summing, alge- 
braically, the corrections thus found for all the replacing forces. 
Nothing further essential this connection; but may note 
important variation the ordinary influence line, which often 
usually desirable introduce. Instead making the ordi- 
nates the final influence line adding (algebraically) these replac- 
ing force corrections the ordinates the ‘‘statically determined 
influence line,” may lay off these corrections from the base line 
the opposite sense, that the ordinates between the line thus ob- 
tained and the statically determined line will have the final 
total values. The correction line thus becomes, practically, the 
zero base line. 

When have several replacing forces all influencing given part, 
this about far can simplifying the work construct- 
ing the influence lines. The use these lines (when once constructed) 
gives once the kind and amount the load unity 
any point the load line, and permits determine once 
where and how place the loads for influence given sign (in par- 
ticular, what loading use for maxima and minima), and, then, 
determine, simple multiplication each load into its correspond- 
ing influence line ordinate, and, algebraic summation the 
products, the consequent total influence. But many, not most 
cases, have only one replacing force and, therefore, only one 
replacing force correction concerned with the part question. Here 
more brief and simple procedure becomes applicable, which may 
called the method distorted influence lines. If, under these 
circumstances, proceeded the ordinary manner, but plotted the 
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replacing force correction line zero base line, already de- 
scribed, this correction line would differ from the influence line the 
replacing force only having its ordinates different fixed pro- 
portion, that the unity value the replacing force, 
the part question, the influence coefficient. Instead, then, 
calculating the ordinates and plotting the replacing force cor- 
rection line, may more easily reduce the statically determined 
influence line dividing its ordinates the influence coefficient 
and plotting connection with the replacing force influence 
line. Then combines with that influence line exactly the nor- 
mal statically determined influence line and the replacing force cor- 
rection line would combine give the true influence ordinates, 
except that the ordinates here are all reduced division the 
iufluence coefficient. But points zero influence are given pre- 
cisely before, and the use the distorted influence line pre- 
cisely the same and yields precisely the same results does the use 
the normal line, except that all ordinates and, therefore, all areas 
must multiplied the influence coefficient give the true 
results. 

But what the advantage this procedure? First, there were 
but the single part are considering, which apply the method 
(since already have the influence line the replacing force, and 
the statically determined influence line our part comparatively 
very simple), much easier reduce the statically determined 
influence line our part to, and combine with, the replacing force 
influence line than follow the reverse procedure. But, generally, 
the part but one many, all requiring similar treatment, and, since 
all them can have their distorted statically determined influence 
lines plotted combination with the one replacing force influence 
line, the advantage rapidly increases proportion the number 
parts calling for treatment. And the saving time and labor shows, 
not alone plotting the influence lines, but even more sub- 
sequent use, the determination areas. The saving the cases 
the Manhattan and the Blackwell’s Island Bridges from the use 
distorted, instead normal, influence lines was enormous. And 
the complication thus introduced was insignificant. 

Consider our two illustrations. the case the Manhattan 
Bridge the replacing force was the stress the cut anchor chain, or, 
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rather, its horizontal component. The influence line for this (or the 
curve called) was determined once for all and plotted but 
four times—on the sheet top chord influence lines, that bottom 
chords, that verticals, and, finally, that diagonals. Then 
the distorted statically determined influence lines were drawn. Those 
for the bottom chords were exceedingly simple and regular. Those 
for the other members presented real difficulties. The appearance 
the four resulting sheets influence lines can seen from Figs. 
One other feature this case may noted. The 
line for three-hinged design, with center hinge the top 
chord, was also drawn, making all influence lines, with respect it, 
influence lines for three-hinged design. All the distorted statically 
determined influence lines were tested, first the usual tests, the 
supposition three simple spans. They were then tested connec- 
tion with the line for the three-hinged design. Finally, all 
tions were made first for the three-hinged design, and the final correc- 
tions were those for the center bottom chord stress replacing 
force, instead the anchor-chain horizontal component. This made 
the indeterminate corrections much smaller, and therefore easier 
determine for the same degree accuracy. also furnished 
set maxima and minima stresses for the three-hinged design, well 
for the two-hinged design, the comparison which may made 
from the stress sheets for loading 000 Ib. per ft. given Figs. 
and 11. 

the case the Blackwell’s Island Bridge the replacing forces 
were the stresses the so-called Except 
the center span the Blackwell’s Island truss, the stresses the 
members were made statically determined component and but 
one rocker arm correction. The entire Manhattan truss and the Man- 
hattan cantilever the Blackwell’s Island truss involved only the 
left rocker arm stress correction. The influence line for the left 
rocker arm (indicated dash and one dot) having been found, all 
statically determined lines these portions were distorted 
combine with this rocker arm influence line, and the results are 
seen (some details excepted) the left-hand portions the distorted 
influence line sheets (Figs. 13, and 16). The right-hand portions 
show the corresponding distorted influence lines for the Queens 
truss and the Queens cantilever the Blackwell’s Island truss. 
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based upon the right rocker arm stress (whose influence line 
indicated dots). The distorted influence line 
enlarged and shown separately Fig. 17. The center span 
the Blackwell’s Island truss, involving correction the statically 
determined component from each rocker arm, requires special 
rocker arm correction curve for each member, give 
the true influence for each load point. But this was not actually 
necessary the Normal influence lines were used here 
(see Figs. and 19). 

This completes, brief form, the description the essential 
features the methods used making the check stress calcula- 
tions. Much has been omitted which would have been pertinent, and 
interesting were this adescription the actual work, instead the 
methods, simply,—as, for instance, the treatment certain special 
cases, many labor-saving devices, the nature the checks introduced 
guard against error and verify the conclusions, and, finally, the 
numerical values themselves and all that might result from their dis- 
cussion. But all this would have exceeded the original scope this 
paper and only distracted attention from its ends. Beyond mention- 
ing that all the results were checked the writer independent 
methods and calculations which gave exceedingly close agreements, 
the writer considers desirable reserve all such matter for some 
future occasion. 
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That suspension bridge can made rigid any form metal 
bridge, arch, cantilever, truss, now longer disputed, and 
the old prejudice against its supposed unfitness for concentrated loads 
may said have died out. 

All the older suspension bridges are limber and undulating struct- 
ures, without adequate provision against deformation under moving 
loads. The belief became general that they could not made 
rigid other bridge systems, and hence they acquired bad reputa- 
tion for railroad purposes. 

Therefore, when the writer, more than sixteen years ago, proposed 
stiffened suspension bridge, 100 ft. span, over the North River, 
for fast railroad trains, the proposition was received with much doubt 
and This, however, had the good effect inducing discus- 
sion and investigation, and gradually clearing away much the fog 
which surrounded the theory rigidity. 

Rankine was the first mathematician (in 1869) publish rational 
theory for the adequate dimensioning stiffening trusses. His formu- 
sent mail the Secretary. Discussion, either oral written, will published 


number Proceedings, and, when finally closed, the papers, with discussior 
full, will Transactions. 
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las were first believed give too heavy trusses, compared with 
the makeshifts vogue, and for that reason they were rarely used. 
For instance, they were not used the plans for the Brooklyn Bridge. 

Theoretical refinement has led somewhat lighter stiffening 
trusses than were required originally his theory, which had ignored 
that portion the live load absorbed the deformation the cable. 
The saving weight not great enough, however, justify the 
belief that properly designed suspension bridge that kind repre- 
sents striking economy over the cantilever, arch and truss, except 
for very long spans (say 000 ft. and more), when the dead load 
the structure several times greater than the live load. 

The term properly used advisedly, for other 
bridge system possible use such attenuated dimensions, have 
much deflection aud down, and commit such errors design, 
the suspension system, without inviting instant collapse the 
structure. 

illustration point, compare the cantilever bridge over the 
Forth Scotland, having two main spans, each 700 with the 
Brooklyn Suspension Bridge, having one main span 
one the main spans the Forth Bridge were loaded both tracks 
with locomotives and the other spans were not loaded, the structure 
would still perfectly safe. the main span the Brooklyn Sus- 
pension Bridge were loaded its four tracks with the full cars 
daily use, close together, and the side spans were not loaded, then the 
cables, otherwise strong enough, would sag much that they would 
wreck the stiffening trusses, not the entire structure. 

Another prejudice, originating with weak and inadequately stiffened 
suspension bridges, the rule prohibiting marching step, the 
ground that the rhythmical cumulative vibrations might eventually 
break down the structure, whether weak strong. The fabled fiddler 
would have longer lived than iron and steel efficiently protected 
against corrosion, before would succeed with modern railroad 
bridge, equally well designed highway bridge. 

suspension structure, comparable with other bridge sys- 
tems, therefore, must dimensioned the same conditions 
strength and stability. When that done, its vaunted economy van- 
ishes, except for very long spans, before mentioned. 

The only recommendation stiffening trusses that con- 
venient construction independent the cable, which can made 
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more less efficient costly may suit the fancy the designer, 
the financial resources the owners, frequently the principle 
that ‘‘half loaf better than bread.” 

From scientific point view, the stiffening truss crude 
device, compared with other modes stiffening, which not 
permit the same laxity dimensioning. 

This appears most strikingly that method stiffening applied 
erect arch. Small arches that kind, combination with 
trusses, had been built wood and cast iron many years ago, when 
the art bridge designing was yet its infancy. But one would 
think applying that system erect arches this day, because 
better and more effective systems arch bracing have been worked 
out since. every suspension bridge theoretically inverted 
arch bridge, so, analogically, all the different systems bracing 
erect arches are applicable suspended arches, and any system 
bracing considered poor and inefficient erect arch so, also, 
when used suspended arch. The principal difference that the 
erect arch unstable equilibrium and therefore requires strong 
lateral cross-bracing, keep position, while the suspended 
arch, little such bracing required. The center line gravity 
the suspended arch far below the points support the towers, 
and the structure stable equilibrium. that condition many 
badly designed suspension bridges owe their life; covers multi- 
tude sins against good engineering. 

The merit and serviceableness bridge structure, other things 
being equal, can gauged other criterion reliably the 
degree its rigidity. The theory cumulative vibration might find 
other fruitful fields application. has none bridge, dimen- 
sioned present standards safety. Absence sufficient rigidity 
marks the inferior bridge. This, for instance, one the reasons 
why, for smaller spans, stone bridges, where practicable, will always 

preferred metal bridges, spite their greater cost. High 
metal trusses, the American practice, are preferred low trusses, the 
English practice. Not only are such trusses stiffer, but also cheaper, 
point which found its confirmation among others the competition 
for the Atbara Bridge. 

The same considerations apply arches, erect and suspended. 
The points largest disturbance are the quarters the main span, 
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and the middle the end spans. those points the maximum 
bending moments from live load are greatest. The height the 
stiffening frame those points determines the rigidity the arch, 
similarly does ordinary truss its height the middle. 

Therefore, form stiffening frame having its greatest height 
the quarters the main span, and the center the side spans, will 
offer greater rigidity and also greater economy than any other; and, 
when attached directly the arch, there will the further economy 
the saving entire chord. 

Let now bear mind the familiar fact, that when the height 
the bracing points greatest flexure attached the cable (or 
arch) equal greater than one-quarter the sag the cable, 
additional material will required for the cable sections for the 
bending strains from one-sided live load. 

have then combination frame and arch cable, resulting 
(similarly truss) once great stiffness and great economy, 
which evidence good design. 

The suspension structures shown Fig. belong that class, 
embodying the above-named features. The bottom chord farthest 
from the cable the quarters the middle span and the center 
the side spans, and coincides with the line the floor for the 
middle half the main span and for one-half the side spans, where 
can utilized also for the wind trusses. 

the end spans have meet the important fact that, they 
half the length the main span, the sections the stiffening 
frame for the same height will twice heavy that for the 
middle span. Therefore, will advisable make the height the 
middle the end span greater, possible, than the quarter the 
middle span, shorten the end spans. 

With none the known systems arch cable bracing such 
great height readily obtainable between the chords points great- 
est flexure without incurring waste material other points. 

This system may designed with without hinge the center 
the main span. 

the first case the stresses will statically determinate. For 
this one advantage, however, there would the great disadvantage 
making the lower chord useless for wind truss just the point 
largest bending strains from wind pressure. 


x 
x 
a2 
acd 
a 
< 
a 


LINDENTHAL 
STIFFENED SUSPENSION BRIDGE. 


MANHATTAN BRIDGE 
THE East RIVER NEw CITy. 


i 
7 
f 


| 
1 
1 
q 
| 


MANHATTAN BRIDGE (No. 


ANCHORAGES 
SECTION 


. 
th 
Bole: Pis. at beams . 


\ 


El.of Footwal. 


rder 


Double Lattice 
Top 
Bot. 
Chord 


33 1 


x80 


%. 

% 

x 


x1 
* 
3% 


8L 


2 
2 


Pls. 


Casti 


teel 
1 Pi. 21 


Fillers to bring beams 
to required elevations 


Grade 3.1% 


El of Footwalk g 
3 

a 


Web 20% 


Brick Lining 
Center Line of Bridge | 


Floor 62.75 


Batter 
nite 


Concrete 


Gra 


Dotted lines suow portion built” 

4 i 


7) 
i=) 
& 


Papers. 


559 
3 
‘ 
i 
| 
| Ps q 
X N 'S | 
Center _Line _of H > _ Column _ = 


560 STIFFENED SUSPENSION BRIDGE. 


The middle hinge has decided advantage regards temperature 
stresses. The writer has shown before,* that stiffening trusses the 
middle hinge does not eliminate temperature effects, but that they 
are merely shifted. 

The total amount extra material for temperature stresses, 
stiffening frames with parallel chords, nearly the same both cases. 
merely distributed differently. similar rule holds good with 
other forms stiffening, modified, however, each case the form 
the frame. order keep the temperature stresses down, when 
there middle hinge, the frame should made low possible 
along the middle third the center span. 

Fig. the upper figure represents the form proposed the 
writer for the bridge over the St. Lawrence River Quebec. 

the center the middle span, the stiffening ft. high, 
one-forty-fifth the span ft.). the quarters, the stiffening 
frame 110 ft. high, which nearly one-sixteenth the span, 
six-tenths the sag deflection the cable. stiffening truss 
with parallel chords equivalent rigidity under partial loads would 
require more than 100 ft. high, and its upper chord shown 
dotted line. 

That economy material not synonymous with economy 
cost, found new illustration the competition for the Quebec 
Bridge. the basis the same specifications and unit stresses, the 
writer’s suspension bridge was lighter weight metal, and the 
amount masonry greater, than any the competitive designs. 
But, nevertheless, the high prices for wire work made more expen- 
sive than the cantilever design, which was adopted and now 
process construction. 

the writer’s request, Professor Melan afterward made inde- 
pendent calculation the stresses, sections and with the 
result that changes were required the sections, shown the 
strain sheet, Plate XXXII. 

should remarked that this system preferable that the 
cable assume its proper equilibrium curve under full dead load, and 
that the diagonals, which are without strain middle temperature, 
made adjustable length. The diagonals are strained only from 
live load and from temperature changes. 


*Engineering News, March 10th, 1888; Appendix the Report Engineer 


ers, published News, November 22d, 
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settlement should take place the foundation the towers, 
any irregularity resulting therefrom, the stresses the stiffening 
frames, readily corrected readjustment the diagonals. 

The pivotal form tower simplifies greatly the details cable 
bearings, avoids eccentric pressure, and facilitates the erection 
cables. These great advantages have been recognized also the 
recent designs for suspension bridges abroad; thus, the towers the 
new Buda Pest Chain Bridge the proposed suspension structure 
over the Rhine Cologne are both pivoted the bottom. 

The lower design Fig. represents the form of-the Manhattan 
Bridge New York the same scale that the Quebec Bridge. 
the center the middle span, the stiffening frame 22.15 ft. high, 
one-sixty-sixth the span 470 ft.). quarters, the height 
ft., which about one-twenty-fifth the span, and more than 
one-third the sag deflection the chains the main span. 

stiffening truss with parallel chords equivalent rigidity under 
partial loads would more than ft. high, shown the dotted 
line. The trusses the Williamsburg Bridge, 600 ft. span, are only 
ft. high, equal one-fortieth the span. 

The unsightliness high stiffening trusses not the only objec- 
tion. Their greater weight and greater cost, and the greater tempera- 
ture stresses them, require special proof. Strain sheets based 
the same conditions are more reliable than general formulas. 

this paper the writer proposes give merely the salient features 
type the evolution the rigid suspension bridge. That 
readily adapted very satisfactory architectural treatment may 
observed from the perspective view the Manhattan Bridge. The 
two tower piers are completed. 

For better understanding the plans this bridge, may 
suffice state, briefly, that the main span and the two symmetrical 
side spans are 470 and 725 ft. long, respectively, and are supported 
from two steel towers resting comparatively low masonry piers and 
rising height 400 ft. above high water. 

The superstructure the main spans suspended from four lines 
eye-bar chains with fixed connections the tops the towers and 
the shore anchorages. The eye-bars are nickel-steel, which 


50% stronger than ordinary structural 
The advantages pin connections with the bracing and suspend- 
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ers, and manufacturing and erecting the superstructure con- 
nected whole are too obvious for extended description. 

The main chains lie vertical planes, and ft. from the axis 
the bridge, and, the shore ends, deflect from vertical steel posts 
into the heavy anchorage masonry. 

The platform for the lower deck rests plate-girder floor beams 
supported from the suspension chains. These floor beams are hinged 
the interior chains, that the loading one side the bridge 
will not affect the chains the other side, and all ambiguity the 
distribution load thereby prevented. 

Each tower consists single transverse bent four massive 
columns the center lines the chains. The four columns are ver- 
tical, and are thoroughly united heavy transverse girders and 
rigid cross-bracing. 

The posts taper and down from the roadway level the plane 
the chains. The lower end each post has pin bearing 
cast-steel shoe, which widens out broad base distribute the 
pressure the masonry. 

The tower columns can erected without staging, the same 
manner high chimneys are built. 

During erection, wedges are inserted the bottom the tower 
columns, with the pin bearings, shown the drawing. 
means these wedges, the verticality the posts during erection 
can readily secured. The wedge details are proportioned resist 
high wind pressure upon the tower erection; after 
erection the wedges are removed. 

Each anchorage provided with large transverse arch allow 
street traffic through it. The interior cavities the upper part 
each anchorage are utilized for large auditorium halls, comfort 
stations and shelter rooms, accessible elevators and stairways. 

Like the tower piers, the anchorages are concrete with 
ashlar facing, and will have heavy cornices and mouldings. 

The aim has been combine the design both superstructure 
and substructure simplicity construction with architectural beauty 
outline and details. The structure will fire-proof throughout. 
The roadways will have solid buckle-plate floors. was not 
treated for mere utility handed over some dec- 

orator for adding the usual senseless ornaments, but truly artistic 
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work the engineer, working together with the architect the study 
form and expression purpose. 

The rigidity the structure obtainable with this simple method 
stiffening most remarkable, may judged from the computed 
in. (one-eight hundredth), the center the middle 
span, when this fully loaded with 000 emergency live load per 
lin. ft. each chain, and both side spans unloaded. 

The plans for this bridge have been passed upon board 
bridge engineers appointed ex-Mayor Low, and, from esthetic 
point view, they have also been approved the Municipal Art 
Commission New York City. 
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The scarcity published information fully-worked-out, prac- 
tical applications the theory suspension bridges long-span 
structures well known engineers. The writer hopes that the 
present paper will furnish some the desired information, and will 
help fill part the gap engineering literature, far applies 
bridges the type described. 

When, the course the writer’s professional duties, the compu- 
tation three-span suspension bridge with braced cables came up, 
could not find, engineering literature, the theory this type 
developed any way. was hand for the problem con- 
sisted the general principles the elastic theory. The deduction 
the required equations was made still more troublesome the 
fact that the outlines the stiffening trusses, shown Fig. 
papers are issued before the date set for presentation and discussion. 
Correspondence invited from those who cannot present the meeting, and 
sent mail the Secretary. Discussion, either oral written. will published 


subsequent number Proceedings, and, when finally closed, the papers, with discussion 
full, will published Transactions. 
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not follow continuous curves convenient for 
integrations, and summations had used 
instead. 

the writer’s hope that the theory 
and formulas deduced this paper are pre- 
sented with sufficient clearness enable the 
reader follow their development without 
having resort mathematical textbooks. 

These formulas were applied the com- 
putation first-class city bridge, long 
span, and capacity for city traffic greater 
than that any already constructed for the 
same city. While the design bridges 
this type presents many interesting features, 
the writer does not believe the present time 
ripe for discussion, and will not treat 
the merits and demerits the bridge 
general. Therefore, the theory alone will 
presented, and only many the re- 
sults may general interest and may 
help illuminate the subject. 

considering the design long-span 
suspension bridge, well remember 
the main features which differs from 
bridges other types. The suspension 
bridge, together with its antipode, the arch, 
produces its abutments reactions the 
lines action which, unlike those 
common beam and truss bridges, are not 
vertical, but, generally, more less inclined 
the horizontal. This, well known, 
the distinctive characteristic arch and sus- 
pension bridges, and determines their de- 
sign, construction, and behavior under load, 
and under the action other causes. 
fact, the existence the horizontal com- 
ponents the reactions the great reason 
for the use these bridges. While the com- 
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mon beam and truss are sense self-contained, and their reac- 
tions the abutments are independent the geometric form the 
truss, the material which they are made and its elastic behavior, 
arch and suspension bridges are not self-contained, and their reac- 
tions are dependent all these conditions. make them self- 
contained, additional member would required, which would 
act tie between the supports, the case the arch, and 
strut, the case the suspension bridge. is, the rigidity 
the earth supplies the required connection. The great importance 
undue change length the imaginary connecting member. 

This imaginary connecting member would take the horizontal 
components the reactions; and the vertical components, only, 
would transmitted the abutments. The so-formed truss could 
then computed practically simple beam. Actually, the func- 
tion this imaginary member performed the horizontal compo- 
nent the reaction supplied the abutments anchorages. 

long vertical forces, only, are acting upright inverted 
polygon, evident, from the first principles statics, that the 
horizontal component the stress the polygon will constant, 
from point point throughout the span, for the given system 
forces. Naturally, the horizontal components the reactions will 
then equal each other and the constant component the 
stress. This well-known property the arch, and common 
all its possible geometric figures. forms the very foundation all 
rational arch theories. When confused mathematical symbols and 
unknown variables, the constancy the horizontal component 
which guides the engineer knowledge moments and shears. 

This true for well suspension bridges, and, far, 
the theory the arch applies also its inverted form. fact, the 
theory these structures practically the same, and understand 
one means know the other. But the computations based their 
theory vary considerably because considerations engineering 
and practical character. 

The upright arch has its supports below its center gravity, and, 
therefore, unstable equilibrium. The suspension bridge, the 
contrary, has its supports above the center gravity, and stable 

equilibrium. 
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upright arch given span and rise, given system 
loads acting, and the arch assumed consist number 
members connected frictionless hinges, there only one geomet- 
rical polygon which will correspond the requirements equilib- 
rium. This its equilibrium polygon. any cause this polygon 
disturbed from its original position, will not tend come back, 
but will depart from and collapse. the same arch inverted, its 
equilibrium polygon will identical with the former, but also 
inverted. But important change has taken place meantime; when 
similarly disturbed, the inverted polygon will back its original 
position. keep flexible upright polygon position would 
require great care its design, and the provision number out- 
side forces prevent its displacement. the contrary, the inverted 
polygon must only able resist the stresses caused it, and the 
force gravity will guide safely its final position. The effect 
the above properties the erection arches and suspension bridges 
self-evident. that necessary, from this point view, the 
erection the main member suspension bridge suspend 
that will have the desired rise versine when under certain 
load. This enables the engineer suspend all the fixed load the 
bridge from the cable, without requiring any stiffening keep 
proper shape. 

Convenient the stability suspended polygon may be, for 
erection, and safe may be, this movability does not satisfy the 
requirements bridge traffic. Traffic dependent tractive power 
and grades, and the limits the movability and bridge 
are determined the steepness the grades which its traffic can 
endure. reduce the movability and deflection suspension 
bridge, its equilibrium polygon This can accom- 
plished several ways. The most common these are: The 
stiffening the original equilibrium polygon attaching 
truss, one chord which frequently formed the polygon itself, 
and the suspension from the flexible polygon sufficiently rigid 
truss. The and distortions cable chain are caused 
changes temperature and loads traveling over the bridge, 
and the function the stiffening truss limit these distortions. 

see, the fixed dead load does not enter directly cause 
distortion from the curve assumed the cable under the weight 
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the bridge. the contrary, due its stability form, tends 
reduce the distortion produced the other causes, and its bene- 
ficial influence much felt heavy and bridges. Hence the 
stiffening truss must designed primarily resist the distorting 
effect which will caused given moving load the various 
positions which may assume. addition, the effect changes 
temperature must included. The cable itself, the main support- 
ing member, need only designed for the greatest total load which 
may come onit. strong for the latter, and resting 
towers proportionate strength and well anchored, the bridge 
from danger, even should some the stiffening members buckle 
break. The knowledge this greatly inducive the sound sleep 
the engineer, but structures are not built break, even without 
danger complete failure, and, important city bridges, the buck- 
ling stiffening chord the breaking few suspenders may 
frighten the public unnecessarily. 

stage the design important suspension bridge 
good judgment and thorough knowledge its functions required 
more than determining the moving loads for which provide and 
the unit stresses allowed for the stiffening trusses. The mov- 
ing load being decided, the choice the depth and form truss 
and the allowable unit stresses fixes the sectional areas and de- 
flections which will follow necessarily from the assumed values. 

eliminate the effect the fixed load the stiffening truss, 
the cable erected together with the truss suspended from it, the 
floor system, paving, etc., and acertain temperature, assumed 
normal, the truss adjusted for its final connections. The fixed load 
the bridge before the closing the truss, therefore, cannot cause 
any stresses the latter. Any additional load which may come 
the bridge after this will causes stresses the stiffening truss. So, 
also, will change temperature from the normal. From now on, 
the truss and the cable must act together; they form one elastic sys- 
tem. The action this system will dependent the geometrical 
configurations the component parts and their elastic behavior. 
This will seen plainly the equations which will developed 
the following: 

stated before, the three-span bridge, the theory which 
presented here, the braced-cable type, and the outlines 
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shown The upper curve represents the main cable, and 


follows the equilibrium polygon the weight the bridge. also 
forms the upper chord the stiffening truss, which attached di- 
rectly it. Under the action the fixed load, and assumed 
normal temperature, there will stresses the members the 
stiffening truss. Any additional fixed moving load which may 
come the bridge, any departure from the normal temperature, 


will cause stresses the truss, which will then act inverted, 


braced arch over three spans. shown Fig. the ends the 


main- and side- span trusses come pins hinges, while they are 


continuous between these points. obvious that they form three 


two-hinged arches, and, such, are statically indeterminate the 
first degree. This means that the equations furnished the condi- 
tions static equilibrium are not sufficient determine the stresses, 
and that one more equation condition 1equired. furnished 
the conditions the elastic behavior the truss. one its 
forms well known engineers under the name the Principle 
Least and has been discussed repeatedly the Transactions 
this Society. 


Algebraically, the general expression for the principle least. 
work written: 


which, 


the total elastic work the system when free from vibration; 
unknown force, assumed independent variable; 
the direct axial force acting any part the system; 
the bending moment acting any part the system; 
the length the member considered; 
its cross-sectional area; 
its moment inertia about its neutral axis. 

has generally been found convenient take the horizontal 
ponent the pull the cable the unknown variable indicated 
Xin Equation Asstated before, the horizontal component, which 
may denoted represents the characteristic mark the arch 
suspension bridge. function the stress any part 
the structure, and constant any section for given condition 
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loading. These properties make convenient express the stress 
and work the several parts terms was done the case 
described. 

general method used for the derivation the formula for 
the horizontal pull common most applications the least work 
principle, and the same developed Professor Melan his 
book and Suspension Bridges.” The deduction the 
equations for three-span suspension bridge the type described 
original with the writer. 

After the lengths the spans, the required clearances for the pur- 
poses navigation, and the grades have been fixed, and the desirable 
versine the cable has been chosen, the curve the cable which 
forms the upper chord the truss has thereby been determined. 
the main span the unstiffened cable will naturally assume the form 
the equilibrium polygon the fixed load it. the latter prac- 
tically uniformly distributed over the whole the span, its equilib- 
rium polygon will approximate parabola. all preliminary 

computations, and even for most final computations, has been 
found that the curve the cable may assumed parabolic. 

The form the curves the side spans are determined that 
the main span, because the three spans must balance, under the fixed 
load and normal temperature. other words, the horizontal com- 
ponent the pull the cable must the same throughout the 
bridge. uniform load over the whole main span the unstiff- 
ened cable, is, well known: 


which, 
the load the main span, per linear foot bridge; 
the length the main span, from the centers the towers; and 
the versine the main-span cable. 
The expression for the horizontal pull the side-span cable is, 


similarly: 


which the suffix, indicates the similar notation for the side spans. 
stated the foregoing, the balancing the three spans requires 


(4) 
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Whence the versine the side-span parabola: 


can seen from this expression, the value determined 
the data. 
the uniform weight the bridge, including the cables, the 


same for the main and side spans, p,, p,, the expression for the side- 
span versine becomes: 
m 


Or, other words, the versines are each other the squares 


their spans. For all preliminary computations, the use this rela- 


tion perfectly justified. the fixed load not uniformly dis- 


tributed, the versines will each other the greatest moments 
due the loads beam. should noted, however, that 
the versine the side spans, well all curve ordinates, must 
measured the center the span from the straight line drawn 
through the center the pin the top the tower center 
the end pin the anchorage indicated Fig. 

will noticed that the versine the side-span curve, /,, 
independent the elevation the anchor pin relative the tower. 
The latter elevation determined considerations the steepest 
grade allowable and the least cost the anchorage masonry. 


The curves the cable having been determined and drawn, the 


outlines the stiffening trusses are laid out. The form the lower 


chord, the depths the truss and the panel arrangement are gov- 


erned considerations economy and good looks. The type the 
truss discussed this paper adaptable such depths truss 


will generally follow the growth the bending moments. 

The floor system can now designed and its weight computed, 
together with the weight railings, pavement, rails, etc. the 
present case, which that long-span city bridge with solid 
buckle-plate the weight the foregoing items constituted one- 
half the total fixed load the bridge. With thorough under- 
standing the influences and effects the several parts the 
structure, now comparatively easy determine approximately 
the fixed load the bridge, the probable areas the cable and 
stiffening chord the center the main span, the average areas 


| 
4 
j 
a 
q 
q 
q 
q 
1 
3 
3 
es 
= 


576 THREE-SPAN SUSPENSION BRIDGE. [Papers. 


the cable and stiffening chord, and the approximate moments 
inertia any panel point. 

normal temperature and under fixed load, only, the stiffening 
chord will, the assumptions the design and erection, free 
stress. With the advance additional load, the trusses will 
inverted arches, and the load distributed between cable and 
stiffening chord. For purposes computation, important 
determine approximately the relative share the load sustained 
each them. The following formula has been found give closely 
approximate results. 

the two chords the truss are assumed suspended without 
any diagonal stiffening members between them, load the bridge 
would sustained the two chords proportion their vertical 
deflection under the stress caused. Let denote the sum 
the horizontal components both chords and Hthe 
proportion taken the cable and the lower chord, re- 
spectively; that, 

If, further, denotes the average area the cable the span con- 
sidered, the average area the stiffening chord, the length 
the cable, that the chord, the versine the cable that. 
the chord, the following relation will hold true: 


The Determination the Horizontal Pull Cable and Chord Due to. 
Moving Load.— 
Let 
total horizontal pull the cable and stiffening 
horizontal pull the main-span cable; 
A,= cross-sectional area the cable any point; 


moment inertia the truss any point; 
coefficient elasticity the material; 
height the tower; 
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and the ordinates the cable, main and side spans, respect- 
ively; 


and ordinates the stiffening chord, main and side 


spans; 


angle the cable makes with the -horizontal any 


point; 


for 


angles makes with the horizontal the tower 
pin, main and side spans, respectively; 

angle the stiffening chord makes with the horizontal 
any point; 

length the cable curve; 

panel length. 


The bridge symmetrical about axis through the center the 
main span. 

express the stress the several parts the structure terms 
the unknown horizontal pull, quite simple. The portion 
acting the main cable and, since the the cable 
varies the secant its angle, with the horizontal, is: 


Similarly, for the side spans: 


The direct stress the stiffening chords suspended members, 
similarly that the cables, expressed by: 


sec. for the main span, 
and 


Hsec. for the side spans. 
The stress caused the stiffening truss, such, bending 


moments due moving loads somewhat less simple. However, the 
writer believes that the 


action the stiffen- 
ing truss explained 
clearly the simple 
algebraic form which 
the bending moment 
any section the truss 
can expressed. 

Let Fig. represent 


> 


q 
3 
7 
4 
q 
7 
bie 
Y 


578 THREE-SPAN SUSPENSION BRIDGE. [Papers. 


inverted rigid arch any form which subjected the action 
The reaction the points support can decomposed into the 
vertical reaction, R,, and the horizontal pull, the external 
forces the arch are all vertical, they have horizontal component. 
The horizontal reaction, therefore, the same both points 
support, and the horizontal component the direct stress the 
arch constant throughout for the given system loads. The ver- 
tical component, the contrary, varies from the point application 
each load; and the vertical reactions, and R,, follow the law 
the lever, beams. now take moments about any 
(9) 
But will observed that the first two expressions the right side 
represent the bending moment simple beam resting freely its 
supports. denote this bending moment may write: 
This the general expression for the bending moment any point, 
for suspension bridge, well for upright arch. plain 
words, states that, far bending concerned, both the upright 
and the inverted arch act simple beams which are relieved 
moment, which due the horizontal reaction, acting the 
distance, from the point, well remember the general 
form and meaning this expression for the moment, because 
represents the fundamental idea the arch, and, the most compli- 
cated cases, will serve excellent method orientation. 
For the truss discussed this paper, the general form the 
moment, expresed becomes: 
For the main span, (11) 
The general expression for the principle least work, Equation 


Since the elasticity will practically the same for 

all parts the structure, may omitted altogether. Table No. 

Plate XXXIV, contains the tabulation the foregoing expression 
extended over the several parts the system. 
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Direct axial stress 
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Stiffening truss, side spans 


Summing and equating zero, the following expression obtained for 
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Loap. 
for the area the center approximated and the cable assumed 
vary its secant, get for curves: 


+2n 
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will noticed that the work the web members the truss 
not included the summation Table No.1. The effect these 
members very small, and, since they had made adjustable, 
did not appear necessary include them. 

glance the denominator the expression deduced for 
Equation 13, which will denote shows that independent 
any load the bridge and dependent such values only form 
the geometric and elastic characteristics the structure. For 
given structure, the sections and dimensions assumed, the denomi- 
nator, constant, whatever the load the bridge. Therefore, 
need computed only once, which reduces greatly the labor com- 
putation. 

From the form the equation, 


seen that the expressions the numerator which represent the 
effect the load can treated independently; the first expression 
the brackets being the effect moving load the main span, and 
the second that the side spans. The coefficients, the latter 
are indicative only the existence two symmetrical side spans. 
the case identical load both side spans, the coefficients would 
represent the actual effect the load 

The expressions contained Table No. are general, and true for 
any form cable curve and variable panel strength, and the summa- 


tions may much simplified for regular curves and equal 
lengths. 


for Uniform Load from Anchorage Anchorage.—To obtain the 
greatest reactions the towers and the anchorages, the bridge 
must loaded with its full uniform load from anchorage 
For uniform load, per unit length, the simple beam moment: 


which /indicates the length span. parabolic curve the 
cable, the ordinate the parabola, 


. 
: 
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dicates the versine the curve. Substituting these values for and 


and similarly for the side spans. The total horizontal pull the 
cable and chord, due full uniform load, per horizontal unit 


becomes: 


length the main span only, then get as: 


For full load one the side 


For the load from anchorage anchorage, the effects 
each span must added, that 
(19) 
obtain the proportions sustained cable and stiffening 
chord, the foregoing values Hare multiplied the proportions, 
and deduced before. 
for Single Concentration.—If single concentrated load, 
support, the expression for the bending moment due will take 


the form 
for any section, between and and 


for any section, between and 
Substituting these expressions for the numerator the gen- 


mya 
and 


obtain for concentrated load, 
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This equation for represents the analytical expression for the 
ence line for load, traveling over the bridge. equally 
true for the main and for the side spans, for which, course, the 
corresponding values and summations must used. 

for Uniform Load Continuous from Point Support any Sec- 
tion.—If uniform load, per unit length, advances continuously 
from one end simple beam, span, any point distant 
from it, the expression for the bending moment due tothis load will be: 


(22) 
for any section between and and 
(22a) 


for any section between and 


Substituting these expressions for the simple-beam bending mo- 


ment, the numerator the general equation for get, for 
continuously advancing load, 


v a 


obtain the value due partial uniform load between any 
two points, need only subtract, from the value computed from the 
above equation for the load extending from the support the farther 
point, the value computed due the load the nearer point. 
the values for are tabulated from panel point panel point this 
very simple. Theequation deduced for applies either main 
side spans for the corresponding values and summations. 

With the several equations which have been established the fore- 
going, the effect any kind moving load the bridge can 
computed. 

The Determination the Horizontal Pullin Cable and Chord Due 
Temperature Changes.—The stiffening truss free stress as- 
normal temperature which the temperature the final 
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adjustment the bridge under its fixed load only. Any change 
temperature from the normal will cause stresses the stiffening truss 
members. denotes the coefficient expansion steel per 
and the number such degrees from the normal temperature 
which any member, length, has departed, the change length 
this member will this member under stress, achange 
its length the sense opposite the stress will produce the work 
The least-work expression for the effect uniform change 
temperature will then 


which must added the summation Table Applying this 
expression the several parts the system, get, referring 
Table No. 

will noticed that none the above expressions function 
and, therefore, they will appear the numerator the equa- 
tion, not disturbing the value the denominator, The expression 
resulting for the effect change degrees the temperature 
the structure is: 


and Stresses the Side-Span Trusses.—It will 
generally, that the side spans three-span suspension bridges are too 
rigid get the greatest bending moments, under the action partial 
moving load them. The greatest positive moment, which 
will denote the moment giving downward deflection, will caused 
the full moving load the side span and load the remainder 
the bridge. Going back the general expression for moments, 
Equation 12, 

Ay, 

The value for full load one side span has been deduced 
Equation 18, and the moment simple beam for uniform load 
over the full length the span, 


SIDE SPAN STRAIN AND SECTION SHEET. 
STRAINS ARE FOR ONE TRUSS 


4 57 000 

rit 5 000 & 

; 26 000 
411.000 


4.016 000 
L 000 33 
(+ > 
4.138"" A 170"" a 180°" ATI 


Depth Chord from 


D signifies Dead load 

L Live load 

Temperature 

Resultant Strain 
A Gross Area 

length 

radius gyration 


rods 


Z 
r 
w “ width 33 
w wind 


“ compression 


re 
Lat. Struts 4 U 
677 000 + r=" r=" r=10" r=10" W+656 r=10" 


THREE 


do 


000 


000 
De 
53. 
x @ 
¥ < ye ¥ 
i 


WORKING LOAD STRAINS per lin. LIVE (for the 
SIDE SPAN STRAIN AND SECTION SHEET. 
STRAINS ARE FOR ONE TRUSS 


000 
000 
L 2 805 13 
8. 


+190 000 

+ 162 000 

= 155 000 

4000 


57 


~ 


ZT. 11 000 


gh 
ost 
s 2a 


W+1 032 000 000 
A444" 4 33.4"" 


000 


300 000 
00 
h7 00 sit 008 11 
000 = 930 000 
000 = 7720 
ox 000 Tr- yoo “efron : 
33333 
++it! 
gs 


PLATE XXXVI. 
PAPERS, AM. SOC. 
AUGUST, 1904. 
MOISSEIFF 
THREE-SPAN SUSPENSION BRIDGE. 


Depth of chord.=30" 


This section allows 
for bending straips. 


Dat, 


+352 000 
~ 257 000 


Lat. rods 


rods 


Center line of Tower 


Papers. SUSPENSION BRIDGE. 583 


The expression for the moment thus becomes: 


The greatest negative moments the side span will produced 
the full load the main span and far side span and load the 
span considered. given 

here the value the horizontal component due 
full load the main span and one side span. Equations and 18. 

The moments produced uniform change temperature 
degrees either way follows once from the general expression for 
moments: 

but will remembered that Equation has negative sign, 
that the temperature moment for increase temperature will be: 

After the moments have been computed for the several conditions 
loading and temperature giving the greatest positive and negative 
moments, very simple find the chord stresses the stiffening 
truss produced the bending moments, dividing the latter the 
corresponding lever arms. chord stresses thus obtained must 
added the direct axial stress the chord, which given the 
corresponding value multiplied the secant the angle which 
the chord makes with the horizontal. both the 
total stress the chord the given point. For the upper chord, 
course, the stress due the fixed load included. 

The stresses the web members the stiffening trusses due 
the several conditions load and temperature are determined the 
method moments, the same for any truss with curved chords, 
except that the horizontal reaction, well the vertical reaction, 
must considered. 

Moments and Stresses the Main-Span Trusses.—F the full uniform 
load the main span and the side spans, the bending 


moment will, similarly Equation deduced for the side span, 
given by: 


represents here the value for the full load the main span, 
given Equation 17. 
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But most sections, the greatest moments and stresses are pro- 
duced partial moving loads. The positions loading giving the 
greatest positive and negative bending moments and shears have been 
determined graphically the so-called ‘‘locus-line” 
drucklinie. 

concentrated load, travels along the span upright 
inverted arch, the lines action the reactions produced its ends 
will intersect one point with the line action the load. 

The curve generated the continuous succession this point 
the load travels over the span, which the locus the points inter- 
section, may denoted the locus-line. The deductions, both 
analytical and graphical, the thrust-line and its application 
determine the positions moving load for greatest chord and web 
stresses have been discussed fully the works Mueller-Breslau, 
Weyrauch and Melan. 

The greatest negative moment any point, due partial load 
the main span, caused the load extending from the far tower 
the limiting section found for this point. there load from the 
near tower the limiting section, the value, the general equa- 
tion for moments represents the simple beam reaction, R,, the 
unloaded side, the distance the section from it. The equation 
for the greatest negative bending moment thus becomes: 

For uniform load, per unit length, extending from the lim- 


iting section, distant from the left tower the right tower, the 
moment may written: 


- 


2 


The values this equation, course, must represent the 
values corresponding the loading used. 

The greatest positive moments will found subtracting alge- 
braically the corresponding values obtained from Equations 
31, from those obtained from Equation 29: 

The greatest negative moments the main span which will 
produced loads the side spans will take place with the latter 
fully loaded. If, before, (Equation 18), represents the total 
horizontal pull produced the full load one side span, the 
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greatest negative moment due both side spans being loaded 
will be: 

The two negative moments, Equations and 33, must com- 
bined obtain the greatest possible negative moment. 

combining the chord stresses due bending with those due 
the corresponding axial stress, care must taken determining the 
absolute maxima. 

stresses the web members were computed the method 
moments, after the position load giving the greatest stress had 
been determined the aid the Jocus-line. 

The Deflections the Trusses.—The the stiffening 
truss suspension bridge should not considered the effects 
the moving loads only. The condition suspension bridge bal- 
anced under the fixed load that equilibrium polygon under 
stress. stated the foregoing, its stability such that dis- 
turbed the advent the moving load will tend get back into 
equilibrium, and this the more the heavier the bridge. If, under 
the fixed load, the bridge balanced with the horizontal pull the 
cable, and the moving load afterward causes additional pull, 
with resulting deflection, the bending moment produced 
this condition the stiffening truss will be: 


The first two expressions the right-hand side Equation 
represent the moment determined the formulas deduced the 
foregoing, while the third expression represents what may term 
the ‘‘relief moment.” The latter caused the disturbance 
balance the bridge the deflection, which equivalent 
increased versine. The effect the fixed load the stiffness 
suspension bridge shown clearly Equation 34. The heavier the 
bridge, the greater, course, becomes the value and the greater 
the relief moment. The effect this moment should computed 
and the moments and stresses corrected correspondingly. 
The resulting 6,, course, will the the 
stiffening truss due the moment, M,. Now, the any 
beam, the common theory flexure, may written: 


dx EI (35) 


| 
| 
| 
: 
} 
} 
| 
‘ 
& 
4 
: | 


586 THREE-SPAN SUSPENSION BRIDGE. 


Integrating the same twice, get for the deflection 


2 


The greatest deflection the main span, due moving load, will 
occur with the main span fully loaded and the remainder the bridge 
unloaded. Substituting for Equation 36, the moment due 
uniform load simple beam, get, for the deflection the center 
the span, 


where the moment resulting from Equation 34. 

Equations and determine the values both the moment and 
the corresponding deflection. 

will noticed that account was taken the distortion 
the polygon from its original curve. This has been done because, 
while for cable not stiffened directly, the distortion the original 
curve some importance, the case described, its effect neg- 
ligible. 


THREE-SPAN SUSPENSION BRIDGE. 


stated, the formulas deduced the foregoing were applied 
three-span suspension bridge the form shown Fig.1. 
city bridge designed for traffic capacity unparalleled the 
annals modern bridge building for similar purposes. isintended 
carry four trolley lines, four elevated railroad tracks, wide 
roadway and promenades, and working 000 Ib. per lin. ft. 
bridge, congested load 000 Ib. provided for take care 
this traffic. solid floor buckle-plates provided, and the 
total weight the floor system, including pavement, rails, railings, 
etc., amounts per lin. ft. bridge. and stiffen- 
ing trusses were designed for the use nickel-steel bars and built 
members. The total estimated fixed load the bridge, including 


the floor, amounts 000 Ib. per lin. ft. the main span and 


000 the side spans. The spans are 725, 1470 and 725 ft., 
shown versine 184 ft. was decided for the main 
span, which, the application Equation resulted side-span 
versine 48.4 ft. 
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The proportions the total horizontal pull, due moving load 

temperature, taken the cable and stiffening chords are: 
Side spans: 0.89; 0.11. 

was found that, with uniform moving load the whole the 
main span, about 8.5% the load carried the stiffening truss 
acting beam, and the remaining 91.5% the chains and chords 
acting suspended polygons. The greater stiffness the side spans, 
due their short length and great depth the center, shows its 
effects the results obtained for the same kind loading them. 

The side-span truss carries 98.6% the load truss, and trans- 
fers 1.4% only the cables. 

The work the computations presented special difficulties. 
The which appear the formulas deduced this paper 
were computed and tabulated for every panel point, and the actual 
work was less formidable than the long equations would make 
appear. The computation the moments and stresses was simple 
work, and care only had exercised obtuining the greatest re- 
sulting stresses. The analytical method displayed its advantages 
during the work computation. The formulas being once estab- 
lished, the actual labor tabulation can carried several per- 
sons the same time, each taking part the work, and, while 
desirable that each computer should thoroughly acquainted with 
the formulas and their deductions, was actually the case, such 
knowledge not absolutely necessary. The work can thus pushed 
ahead quite rapidly should the time allowed require it. 

The stress sheets, Plates XXXV, XXXVI, XXXVII and 
may serve show the relative amounts the stresses and their varia- 
tions, and also what may expected under the given conditions. 
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THE COLLAPSE BUILDING DURING 
CONSTRUCTION. 


AND JUST. 


Mr. Roberts. Am. Soc. (by letter).—Mr. Parsons’ 
paper should lead some very interesting discussions building 
construction general and the use cast-iron columns and details 
for high buildings, and productive good engineers and the 
public large. 

When iron construction buildings was its infancy, and build- 
ings, usually, did not exceed six stories height and were very sel- 
dom fire-proof construction, cast-iron columns were permissible. 
Their cost, compared with riveted columns, was greatly their fa- 
vor; also, the facility with which they were obtained and their ability 
withstand fire without collapse, added the large factor safety 
the present time), gave safe construction. 

the early Seventies, the writer designed large woolen mill 
the West England, the roof and floors ‘‘slow-burning” con- 
struction, supported cast-iron columns. After being operation 
for several years, and the floors being saturated with oil, the mill 


discussion (of the paper Parsons, Am. Soc. E., printed 
Proceedings for April, 1904), printed Proceedings order that the views expressed 
may brought before all members for further discussion. 

Communications this subject received prior September 28d, 1904, will pub- 
lished subsequently. 


Vol. XXX. No. 

7 


The 3-in. flooring was entirely destroyed, the 12-in. joists and 
the 16-in. oak girders were charred through, the several lines 
heavy wrought-iron shafting were twisted and bent into various 
serpentine shapes, but the cast-iron columns, although subjected 
prolonged white heat and streams water from the fire engines, 
which caused most them crack from top bottom, remained 
place and prevented the collapse the building, thereby saving 
the lives scores men who were engaged removing goods from 
the lower floors. 

The New York City building law requires that all wall columns, 
whether steel cast iron, shall protected 


casing brickwork not less than ins. thickness the 
outer surfaces, nor less than ins. thickness the inner surfaces, 
and all bonded into the brickwork the enclosure walls.” 


Also, all interior columns, 


support any fire-proof floor, shall protected with not 
less than ins. fire-proof material, securely applied,” but, 
extreme outer edge lugs, brackets and similar supporting metal 
may project within in. the surface the 


well-known fact, however, that many the so-called fire- 
proofing coverings use are fireproof name only, was shown 
collapsed steel columns the fires Pittsburg and Baltimore. 

The writer not advocate the use cast-iron columns 
buildings, even buildings moderate height, sub- 
jected bending strains caused wind eccentric loading, but 
believes that one will dispute the fact that cast-iron columns 
tough, gray iron, free from injurious cold-shuts blow-holes, will 
withstand the combined action fire and water without collapse, 
while steel columns will not. 

The writer has desire criticise this paper, but wishes the au- 
thor had gone into detail little more, seems too general. 

Mr. Parsons states that the building was constructed the 
system, that is, all the weight was supported the columns. Then 
says, the walls were continuous from the foundation, and did not 
rest girders the floor levels.” Fig. however, twelve bays 
have wall girders for ‘‘skeleton construction,” while the other outside 
bays are shown being curtain-wall 

Mr. Parsons fails give any data respecting the floor loads used 
designing, and, although gives specimen column schedule 
Table No. does not locate the position the column the 
building, enable anyone check the sections, and the detail the 
8-in. column, shown Fig. does not refer one the columns. 
given the specimen schedule, but appears either Nos. 29, 30, 
36, about the 4th story. 


caught fire the upper story and burned downward like torch. Roberts. 
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also states: the loads were eccentrically supported 
the side brackets,” while reference the plan, Fig. shows that 
the interior columns and quite few the wall columns have very 
little eccentric loading. 

also states that the holes the girders were about in. di- 
ameter, and that the bolts regretted that the 
exact size the holes was not given. The standard size for punched 
holes for bolts in. the punch side and the die 
side, some contractors, facilitate erection and cover care- 
less workmanship, use punch for bolts, viz., in. the 
punch side and in. the die side. 

reference Fig. will seen that Columns Nos. and 
are stayed one direction only, the nearest beam the other di- 
rection being distance ft. ins. from the center the 
column. 

Fig. typical plan floor beams for the the 8th floors, 
inclusive. News March 10th, 1904, gave plan the 
same and stated that ‘‘the 9th 12th floors and the pent- 
house floor are similar arrangement that shown, but their fram- 
ing somewhat lighter,” and ‘‘the 1st and floors, due the 
addition framing for the light-courts, are different arrangement 
from the tiers above, and the 1st floor The loads are 
also given lbs. live load and lbs. dead load per square foot. 

The construction specified the Roebling, flat, reinforced- 
concrete type (System Style 4), the fire-proof partitions being 
the floor system. 

The thickness the floors given ins. from finished ceiling 
finished floor surface. This construction will weigh not less than 
lbs. per square foot addition the weight the fire-proof par- 
titions; but the floor beams shown have been designed for gross load 
120 lbs. per square foot floor. 

Engineering News also gives schedule sizes for Columns Nos. 
and 31, and loads Column No. 31, but regretted that 
enough data are not given check some the wall columns under 
eccentric loads, say Column No. which subjected bending 
stand this bending moment requires increase metal area the 
upper columns equivalent added load about 
addition the actual load itself; while Column No. with eccen- 
tric load each tier only 600 requires increase metal 
area the upper columns equivalent added load about 000 
lbs. addition the actual load itself. 

regard the failure the structure the writer believes there 
were several contributing circumstances, viz.: 
columns should have been designed for bending due 
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eccentric loading, necessitating steel columns, dependence can Mr. Roberts. 


placed upon column resist bending when may full 
concealed blow-holes. 

2d.—The absence bracing for wind strains, and the torsion 
the structure caused derricks, during the hoisting material. 

3d.—The overloading the upper stories building material 
may have had some effect; but, from information thus far obtainable 
the writer believes that torsional strains produced derricks caused 
the collapse. 

Only few months ago the writer had his attention called 
building course erection New York City, where steel columns 
two-story lengths were used, the erector had the guy-lines for the 
derricks secured the tops the columns least ft. above any 
floor beams erected, and the erector was surprised (he ought not 
have been) find that some the columns had decided twist 
them, and some cases were more than ins. out plumb. 

During the past fourteen years the writer has designed more than 
thirty steel New York City, ranging from twelve thirty 
stories height, besides many smaller buildings, and has found that, 
although there are some architects who realize the necessity 
employing engineers assist them designing any but the simplest 
steel constructions, the great majority architects will with the 
aid rolling-mill handbook and the free services contractor’s 
concoct that Providence sometimes allows 
erected without accident. 

conclusion: Mr. Parsons states that some the beams and 
channels were marked and some Why were 


not some beams used, also? For not written, ‘‘a 
three-fold cord not easily broken.” 


Assoc. Am. Soc. (by letter).—The writer Mr. Tilden. 


strongly opposed the use cast iron part the framework 
skeleton building construction. The principal objections are its gen- 
eral unreliability compared with steel, and the apparent impossibil- 
ity designing satisfactory details for beam and girder connections, 
column joints, etc. The Hotel Darlington disaster, however, certainly 
does not prove anything against cast iron, per se, structural 
material; indeed, the columns seem have acted remarkably well 
under the severe conditions imposed upon them from lack lateral 
support and general bad design. 

The author makes note the fact that each column length had 
top and bottom flanges cast only the north and south sides, thereby 
giving the column stiffness east and west direction, except 
that derived from the floor girders framing into the column near the 
top. The value this stiffening may seen reference Fig. 


>, 
q 
; 
q 
% 


592 DISCUSSION COLLAPSE BUILDING. 


Mr. Tilden. enlarged detail the lug which the floor girder was bolted. 
(This sketch applies the columns numbered Fig. 
showing typical plan the floor framing.) The bolts used were 
in. diameter, and the holes the lug and girder web were in. 
Assuming, when the column vertical, that the bolts are concentric 
with the bolt holes, shown the heavy lines Sketch Fig. 
thrust against the end the girder would tilt the whole 
column east west until the the bolt holes, shown 
normal position, assumed the position, the bolts this position 
bearing against the bolt holes opposite sides, move- 
ment this kind and amount would resisted only the friction 
due tightly set-up 
bolts, and admitted 
that most cases these 
were loose. The effect 
such motion the 
column shown 
story length the column 
could readily moved 
ins. out plumb. Such 
condition affairs 
could hardly have existed 
steel instead cast- 
iron columns had been 
used the framing. 

Referring again Fig. 

seen that the fore- 
going reasoning would 
apply the two rows 
columns numbered 31, 
30, 29, 28; and 15, 37, 36, 
and That is, prac- 
tically the whole frame- 
work could tilted east west untilit was out plumb amount 
equal ins. for each story length. matter fact, was 
brought out the testimony before the coroner’s jury that, week 
two before the collapse, the structure (then about seven eight 
stories high) was out plumb amount variously estimated 
from ins. ft. This error was corrected rope tackle used 
jack the leaning framework back into place. The direction this 
inclination not mentioned the press reports, that cannot 
stated definitely whether not the trouble was due directly the 
cause just cited. The diagram shows rather strikingly, however, the 
flimsiness the whole structure, and easy credit 


Scale of feet 
2 


further testimony witnesses before the coroner that various Mr. Tilden. 


occasions the building swayed noticeably.* perhaps hardly 
necessary speak the severe shearing stress which the bolts 
would subjected any distortion the nature and amount indi- 
cated. 


One direct violation the building law may The 
reads: 


top and bottom flanges, seats and lugs (of cast-iron columns) 
shall ample strength, reinforced fillets and brackets; they 
shall not less than in. thickness when finished.” 

The flanges the Darlington were not reinforced any 
way, and the fact that nearly every column broke the flanges indi- 
cates how serious defect this was. the inquest the foreman 
the iron workers testified that the Building Department had ordered 
him several different occasions stop work the iron frame, and 


that each case the owner had told him ahead regardless 
these orders. 


The real trouble, therefore, would seem the lack suffi- 
ciently severe penalty for violation the building code, and the sub- 
ject would seem one for discussion law makers rather than 
engineers. relation this, may not amiss mention the 
recent discovery the building laws which were 
force during the reign Hammurabi, King Babylon, about 
2250 The this wise and just monarch have been 
deciphered, and, among other ordinances, the one numbered CCXXIX 
reads: 


builder build house and has not made his work strong, and 
the house has fallen and killed the owner the house, then that 


builder shall put death.” 

Further ordinances provide that the builder’s son shall suffer death, 
through his father’s negligence the son the householder killed, 
and on, strict conformity with the Mosaic doctrine eye 
for eye,” through the various members the household. This bit 
legal history respectfully submitted the law makers Greater 
New York worthy the careful and reverent consideration 


which more than four thousand years would seem 
entitle it. 


Assoc. Am. Soc. E.—Upon reading Mr. mr. Liewellyn. 


Parsons’ description the collapse the Darlington Building, and 
recalling the other detailed articles which have appeared the tech- 
nical journals, evident that this disaster was caused the ineffi- 
ciency the columns, stated the author’s concluding paragraph; 
Engineering News, March 24th, 1904, 281. 


Building Code, Part XXII, Section 112. 
Id. cit. 


American Architect and Building News, March 26th, 1904, 
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Mr. and interest inquire the Darlington was isolated case 
this The writer has looked all the kindred instances 
similar disasters which any record was available, and gives short 
summary thereof, with his sources information, see what 
common factor, any, there may be. 

The earliest reference found address* given Purdy, 
Am. Soc. E., before the Boston Society Civil 
wherein says: 


days which cast-iron columns will used the con- 
struction high buildings are fast being numbered. It.would hardly 
seem necessary compare them with steel before audi- 
ence New England men, will but recall the Pemberton mill 
disaster with its frightful loss life.” 


The writer has not been able secure any data regarding this dis- 
aster, and would glad learn the details. 

Engineering News May 24th, 1894, described the distortion 
wind the nearly constructed building No. Maiden Lane, 
New York City, due the loosely bolted connections the cast-iron 
columns, although this case they were much better than usual, and 
the framework was subsequently pulled back. 

News December 6th, 1894, given short 
account the failure the five-story building, belonging the 
Montreal Street Railway, which also had cast columns, and which, 
apparently, gave way after completion the crushing wall. 

Regarding the coilapse the nearly finished Ireland Building 
West Broadway and Third Street, New York City, Engineering News 
August 15th, 1895, says: The prime cause the accident appears 
have been the weakness the cast-iron columns.” later 
issue, August 29th, additional evidence seemed show that faulty foun- 
dations were the primary cause. 

Commenting the failure the Brown Soap Factory building, 
Twelfth Avenue, between Fifty-first and Fifty-second Streets, New 
York City, The Engineering Record June 12th, 1897, after criticising 
detail the cast-column construction, says: Cast-iron columns are 
source great danger wherever they are used, have frequently 
shown, and safety factor can remove that danger.” And Engineer- 
ing News June 17th, 1897, concludes exhaustive review the 
same structure with the following: 

Since the failure the Ashtabula Bridge, twenty years ago, 


bridge engineer has dared risk the safety bridge upon the lug 
cast-iron column. Will require disaster similar extent 
awaken engineers and architects their fatuity continuing the 
use such cast-iron columns with all their hidden defects and their 
eccentrically loaded lugs buildings the failure which may cause 
The collapse the Darlington Building, which the columns 
were cast iron, added complete the list. 


Journal the Association Engineering Societies, March, 1895. 
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noted, course, each the cases cited that cast-iron col- Mr. 
were used every instance. After search through all the 
accessible records, the writer has been unable find any case 
failure through the use steel columns, and such exist would 
appreciate description the details. Although some these failures 
were probably induced other causes, many them seem have 
resulted directly from defective cast columns, and all cases the col- 
lapse was intensified their lack stiffness. may interest, 
therefore, summarize briefly the properties cast iron used 
the columns high buildings, passing over the uncertainty regard- 
ing hidden internal defects their pouring and cooling sufficiently 
well known, and assuming their manufacture and details 
the standard. 

1.—It impracticable connect cast-iron column with the ones 
immediately above below any kind splice joint which will 
preserve their continuity, as, account the danger cracking 
the castings riveting, the flanges must bolted, and, almost inva- 
riably, the bolts are loose fit. Also the weakness under tension 
the cast flanges (which very hard pour sound) makes them 
poor medium transmit the pull the bolts. Hence stack cast 
columns little more than lot those toy wooden pillars used 
pile end end when were children. 

2.—This instability could decreased each story column were 
braced rigid connection with the horizontal girders and beams, 
but, again, the impracticability riveting and the tensile weakness 
the cast lugs result loosejoint, which leaves the effective unbraced 
length the columns the full height the building instead story 
lengths, and throws out the usual formulas strength. 

3.—The best specifications require the projecting brackets 
given slight slope downward, order the load the sup- 
ported beams close possible the column and relieve the 
tension the cast shelves, but, ordinary foundry practice, the 
accuracy this slope cannot ensured. Neither does desira- 


ble reinforce the column the brackets internal diaphragm, 
for, apart from the additional expense the moulding, there would 
arise such uneven cooling stresses would weaken, rather than 


strengthen, that place. 

word, cast iron has proved itself dangerous material 
for use the columns high buildings, and the Darlington disaster, 
reported Mr. Parsons, merely one more object lesson. Can 
afford look with unconcern upon such construction for those 
members upon which depend the entire strength our buildings and 
the safety much life and property? All railroad engineers have 
long since vetoed the use cast iron for bridges, and, neglecting the 
commercial side, united effort should made bar this material 
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Mr. Llewellyn. from use columns any but low and simple buildings. un- 
derstood that, among other things, the prudence exhibited the 
design railroad bridges recognized the insurance companies, 
who place premium upon the security railroad travel paying 
twice the amount their ordinary policies case accidents while 
traveling the railways. The same protection, course, would 
best afforded the employment only competent engineers co- 
operate with architects the design tall hazardous buildings, 
but, this desideratum cannot always controlled, the building 
codes our great cities should amended make impossible 
the flimsy structures now only too common. stated recent 
editorial this subject, with steel columns wholly satisfactory 
design possible all cases, while the limitations cast iron are 
firmly fixed. 

reference has been made the action cast iron fires, nor 
its durability against corrosion, nor its actual strength, these matters 
being foreign the paper, but suggested that the whole question 
the behavior cast iron, steel and other columns, under the vari- 
ous possible conditions, would form most interesting and pregnant 
subject for another discussion. The writer would commend this 
the notice the proper committee. 


make report the collapse the Darlington 
Hotel, and was the premises until the wreckage was all cleared 
away. Without going into details, which are covered Mr. Parsons’ 
paper, the following can added what has already been stated. 
The details for the framing were defective the following respects: 
Not all the columns were eccentrically loaded, but the majority 
them were. The worst cases were the wall columns. The seats for 
the channels nearest the walls (which were also girders) projected some 
94ins. from the face the column. column the channels 
were bolted with one bolt about ins. from the face the col- 
umn, and with bracket connection. The these chan- 
nels framing into 9-in. which was framed close the 
column, proper seats and with standard bracket. 
construction, eccentric loading quite common, desirable 
have the columns embedded the walls without offsets projections 
the interior the walls. supporting the walls were 
eccentrically loaded, but the girders remained level and the columns 
plumb after the fall. 
The column flanges should have extended around the four sides 


the columns, instead two sides only. This, together with proper 
bolting, would have given additional strength and rigidity the 
framing. 


The interior columns the front and rear were not braced prop- 
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erly longitudinal direction. The beams, instead framing into Mr. Whiske- 
the columns, were framed the girders each side the columns, 
and, therefore, were not properly supported this direction every 

floor. The majority the columns brokeat the flanges. The bolting 

appeared loose, and, the threads were not stripped, would 

appear that the columns were not properly bolted together. The bolts 

one side were probably loosened plumbing, and, shims 

were used, the load was concentrated more less the opposite 

flange. The metal the flanges was honeycombed and full im- 

purities. 

There was also loose and insufficient bolting the beam and girder 
framing. one case three bolts were omitted from possible four; 
another case two bolts out possible four. where these 
bolts were omitted the parts remained framed together. 8-in. 
was found the wreckage bolted one end part 
1-in. column with one bolt, and lug column the other 
end with one bolt. This beam had two holes each end close the 
bolt holes and was weak, but the connection was stronger than the 
columns. 

The cinder concrete the floor arches was disintegrated the 
fall, but this was due the fact that had not set properly. The 
centering had not been removed. Several specimens this concrete 
preserved warm room became very hard few days. 

the amount material stored the floors the building, 
owing frequent complaints from the neighbors, material was re- 
moved from the street soon possible afterits delivery, and stored 
the building. the first floor, back the light-shaft and against 
the west wall was piled lot Rosendale cement bags and barrels, 
producing live load 250 per square foot this floor, which 
was calculated stand safely lbs.; but the floor did not fail 
this account. the upper floor was distributed, ready for erection, 
piles, considerable iron and steel. the neighborhood Col- 
umn 37, about twenty pieces iron were found the 
wreckage. About tons unerected material were found the 
ruins. 

The derrick used for iron was supported the top the 
framework, and the center the building near the front. The der- 
rick had boom probably ft. long. How weight the 
derrick was distributed, the framework temporarily reinforced, 
hard say, but can surmised that was not properly done. 
was also probably guyed the structure such way strain 
excessively. The derrick was not use the day the collapse. 
There were frequent complaints from the adjoining tenants that the 
hoisting materials the elevators caused their buildings vibrate. 
The building was out plumb various times from ins., 
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and was never properly sway-braced before after was pulled back. 
Excessive flange strains were produced this way, which could cause 
the building collapse later date. Columns and were not 
braced properly longitudinally, and should treated long columns, 
and one these broke about half-way up, the 5th story, and 
fell. account the lack rigidity, the entire mass was precip- 
itated toward these columns. Columns 34, and were the only 
ones broken off the basement. None the foundations failed 
the slightest degree. 

The overloading the floors, the iron the derrick, the 
loose bolting all members, the lack longitudinal supports for 
the columns, the building being out plumb and never properly 
sway-braced, all combined cause the complete collapse, which any 


them was sufficient induce. 


The structural engineer has learned nothing new from this collapse, 
some all the defects noted can found other buildings 
the same class. 

The designing buildings this class considered much too 
light vein, and, the operation more less speculation, the 
temptation exists make the structure too light the expense 
rigidity and stiffness. account the height being less than four 
times the width, permanent wind bracing provided and little 
temporary bracing can conveniently put in. placed 
the curtain walls and fire-proof floors stiffen the structure, but, 
reality, the framework sometimes nearly completed before the 
walls are begun, therefore elements strength are depended upon 
which rarely exist until the building completed. 

Cast-iron columns are not readily adapted for the design any 
other than direct central loading. difficult provide good de- 
tails, and, some cases, impossible when the loading eccentric and 
there little rigidity against forces tending distort the structure. 
The factor safety generally used about 2.7, which not enough 
for any columns except those centrally loaded. would good 
practice limit their use buildings ft. height, and build- 
ings greater height only when they have very broad base. 

Section 112 the New York Building Code prescribes the mini- 
size cast-iron columns ins. and the minimum thickness 
the upper stories buildings this class, account the 
light loading, found cheaper use light steel sections pref- 
erence and single channels and two angles, 
therefore, are often used for columns. Little attention paid 
detailing, excepting put connections sufficient number 
rivets for shear and bearing. These columns are little better 
than cast iron were used, and are sometimes slender make 
them less desirable. The columns, taken whole, from top 
bottom are plumb, but zigzag from story story. 
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building which came under the speaker’s observation recently, Mr. Whiske- 


the equivalent direct load due eccentricity about ins. was 
more than the direct load the column. 

The following illustration will show what extent the saving 
material carried building this character, just now being 
completed, the girders next the walls, which were very eccentrically 
framed the columns, were, addition, cantilevered each side 
beyond the column,so that the spans the adjacent girders were 
reduced the amount the projection, and lighter sections were 
used these panels. 

another instance, the cast-iron columns were eccentrically 
loaded simply because the girders had been ordered too short and 
the column seats and brackets were extended meet the short 
girders. 

is, perhaps, little foreign the subject, but, tenement- 
house construction, even more than the apartment hotels, the 
proper detailing iron not more than approximated. corner 
tenement house the entire first story-on two sides left open for 
stores, and the walls above are supported girders and columns, 
the columns resting piers the basement. The columns are rarely 
provided with shoes caps; the girders simply rest the columns, 
and are not bolted two sets girders meet, they 
are strapped together with narrow plate placed across the joint 
diagonally and bolted somewhere each side with one bolt, usually 
the separator-bolt. This joint could open in. without even straining 
the strap. Noattempt made tie anchor the columns, and, when 
pier settles, account the lack rigidity, the building partly 
wholly collapses. 

one case, narrow column, supporting front and not pro- 
vided with bottom flange shoe, account the concentrated 
load the center poorly-bedded pier cap, cracked the cap and 
the front collapsed. 

another iustance, practically the whole six-story tenement 
house, process completion, collapsed the undermining 
single pier. 

There practically engineering all tenement-house con- 
struction. 

The design for the framing apartment-hotel buildings 
problem for treatment competent structural engineer, but 
more often solved the use tables which are but poorly under- 
stood and applied accordingly. some cases the engineer archi- 
tect who knows better will prostitute good design cheapen the 
cost. 

This one-half the solution the solution the 
other half the employment competent superintendent the 
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Mr. Whiske- premises see that the work executed properly and that undue 


man. 


Mr. Waite. 


strains come upon the uncompleted structure. 

The solution this problem competent engineering the 
designs and proper superintendence the field. 

Guy Assoc. Am. Soc. (by letter).—The general 
conditions the Hotel Darlington appear about 
the same the average conditions the construction most the 
apartment hotels erected New York City the present time. 

Since the building laws New York City have permitted non- 
bearing walls carried their own foundations, most these 
hotels have been constructed with steelwork carry the foundations, 
only. 

The steel-floor systems are designed carry live loads 
per square foot, and dead loads from per square foot, 
making total from 120 130 Ibs. per square foot. 

carry these floor loads economically, the floor beams are gener- 
ally spaced about 6-ft. centers. 

The interior columns are studiously located the architect, who 
places them much out the way possible, partitions, etc. 
The outside columns can usually located with greater freedom 
than the interior columns, and may located get better results for 
stiffening the building laterally. 

paper* bearing the subject constructing high buildings for 
resisting lateral forces was presented this Society 1894. This 
paper was presented time when the construction high buildings 
was comparatively new, and there was specific building code 
New York City regulating them. There were established precedents 
among designers for the lateral stiffening the buildings, and there 
was law referring thereto. 

The writer, who then had the examination into these constructions 
for the Department Buildings, was obliged act arbitrarily 
eccentricities construction. There were many narrow and high 
buildings proposed, without, believed, safe construction for re- 
sisting lateral forces. The discussion which followed this paper ap- 
plies with equal force the Hotel Darlington and similar buildings. 

the paper referred to, all parts the finished structure which 
were capable aiding lateral resistance were considered. Parti- 
tions, walls, and steelwork, with the connections, were the principal 
factors. Partitions are almost insignificant factors ordinary build- 
ing construction. The walls and the steelwork are the important 
factors for lateral resistance, usually constructed. the walls are 
not pierced too much with openings, they, undoubtedly, form the 
main factors actual practice. 

Where walls are supply the principal lateral stiffness build- 
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ing, would seem though these walls should carried with Mr. Waite. 
the steel construction, that suitable temporary lateral braces should 
provided until the walls can carried the top the steel 
construction. 

While walls appear generally relied furnish the lateral 
stiffness buildings, believed that the Hotel Darlington disaster 
shows the danger depending too much this one factor. 

The writer believes that the steel construction with its connections 
should sufficient the steel skeleton plumb until the walls 
can carried up. 

deduced the 
former paper, lateral 
forces may sometimes 
develop stresses (which 
increase from the top 
toward the bottom 
the building) which be- 
come excessive the 
building very high. 

the Hotel Darl- 
ington, the condi- 
tions are understood, 
the walls not being car- 
ried with the steel- 
work, the columns and 
girders with their con- 
nections 
main resistance lat- 
eral forces from the top 
down the place where 
the exterior walls were 
finished. These lateral 
forces were probably 
sufficient about the 
4th floor (where the wall 


was stopped) break 
the cast-iron columns 
The two re-entrant light-court walls, located midway between the 
front and the rear the building, were favorable features con- 
struction, adapted give lateral strength the narrow way the 
building. 

Had the structure been held position until these walls were 
structed, and until the floor arches were solid and capable acting 


the capacity horizontal trusses—conveying lateral stresses 
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points greatest resistance— 
probably nothing extraordinary 
would have been heard the 
Hotel Darlington. 

While the spacing floor 
beams and the location interior 
columns was bad, that there 
was not direct connection with 
the columns every case, this 
need not defect the con- 
struction. Providing other parts 
the structure have requisite lat- 
eral strength, and the floor system 
capable transmitting the lat- 
eral forces these stiffened parts, 
these interior columns need only 
supporting columns. 

The writer now believes, 
firmly did when preparing 
the paper ten years ago, that not 
providing for lateral resistance 
steel construction dangerous. 

The writer was associated for 
several years with iron and steel 
contractors who were also engaged 
the manufacture cast iron, 
and therefore, they desired use 
cast-iron columns where practica- 
ble. The practice was use cast- 
iron columns for heavier loads, 
lower stories, columns 
for the lighter loads, upper 
stories—the latter being more eco- 
nomical for very light loads than 
the former. 

order insure positively 
rigid connections, for resisting lat- 
eral forces, steel connections were 
riveted the beams (which were 
the shop, and were connected 
the cast columns, shown 
Figs. and bolts which 
could brought taut. 

The connections shown Fig. 
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were used the narrow skeleton- constructed buildings No. Fulton Mr. Waite. 
ft. wide and nine stories high, and No. 708 Broadway, ft. 

wide and ten stories high, where beams were spaced about 6.5 ft. 

centers and were connected each end cast-iron columns 

the lower stories, and channel-steel columns the upper stories. 

Where the floor loads were too heavy for the bolts shown Fig. 
connections were made the column seats shown Fig. 

Rigid connections have been made cast-iron columns shop- 
riveting angles the sides girders, and bolting through the col- 

The flange punching for the connections shown Figs. and 
additional expense, but, where any great resistance required, 
the advantages gained will more than compensate for this cost. 


Soc. E.—This paper illustrates only Mr. Schneider. 
one the many examples poor building construction, and also one 
the many abuses cast iron such structures. 

careful observer will notice many structures, similar the Dar- 
lington Hotel, which would have collapsed under similar conditions. 

examining the design, the speaker was impressed with the in- 
competence the designer, his lack knowledge even the first 
principles structural designing and his presumption undertaking 
piece work for which was not fitted. 

The speaker gratified know that member our profession 
had anything with the designing and construction this struct- 
ural monstrosity, but that this design was made mechanic whose 
experience and knowledge building construction was very limited. 

this structure, attempt was made insure lateral 
stability provision for wind pressure during erection. 

The speaker endorses the author’s conclusion, that the structure 
collapsed because lack lateral support for the story columns. 

The metal framework building the skeleton type con- 
struction complete structure itself during erection, and should 
treated such; that is, should self-supporting before the walls 
and floors are completed, and that condition strong enough 
resist the wind forces all exposed surfaces, and such additional 
strain may expected during erection. 

The speaker has always adhered principles his own prac- 
tice, and has found that provision made for the usually assumed 
wind pressure lbs. every square foot exposed surface the 
metal framework, the structure generally strong enough resist 
such additional strain may occur during erection; for instance, the 
lateral strains produced swinging derrick, etc. 

There one feature the metal structure the Darlington Hotel 
which deserves severe criticism, and that the use cast-iron 
columns ina building about 144 ft. high. 
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Mr. Schneider. has taught that cast iron unsafe and 

material for structural purposes, and, for that reason, has 

been entirely discarded the construction bridges all kinds for 

many years. 

this case, cast iron was used combination with poor details. 

The designer followed the foundryman’s practice carrying the 
beams girders brackets cast the columns, which, however, the 
speaker does not consider good practice. 

The brackets are generally unreliable, very frequently they are 
full blow-holes, without showing any defect the outside; this 
fact also verified the author’s observation. 

view these ever-occurring disasters, seems that 
should done protect human life against accidents this kind, 
which might have been avoided such structures were properly 
designed and inspected. 

competent and reputable engineer needs neither building law nor 
supervision; however, cannot compel owners buildings 
employ competent engineers, becomes necessary have proper and 
strict supervision over all structures this kind. 

The people generally rely the building departments for protec- 
tion against unscrupulous contractors and ignorant pretenders. 
Therefore, the building department every municipality should 
employ sufficient number competent engineers enable them 
examine the designs properly and carefully and inspect the work 
all structures within its jurisdiction. 

This supervision should not perfunctory, but thorough. 
design not safe, should rejected, even conforms the 
letter the building law. 


should the duty the building department, and that depart- 
ment should have the power see that all structures are safe, first, 
last and all the time, with without building laws. 


The indiscriminate use cast iron should prohibited. should 
confined ornamental work, column bases, such other parts 
are only strained direct compression. 

Cast-iron columns should ruled out all buildings over four 
stories high. 

Mr. Lowinson, Oscar Assoc. Am. Soc. E.—The discussion thus 
far has demonstrated that certain fundamental errors construction bil 
were committed the erection this building. has also brought 
out the fact that engineers, apparently, are not agreed what 
constitutes safety construction. 

One sees public departments great city, under whose absolute 
control the construction buildings supposed be, permitting 


erected structures which engineers have stated should not have 
been built. 
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The fact that the Darlington was constructed with cast-iron 
columns has brought out the statement that such building cannot 
built and assurance given that will safe. 

Some thirty years ago, because disaster caused the collapse 
bridge, our bridge engineers decided almost unanimously that 
cast iron has place among the main structural members bridge 
subject shock; that, when hear prominent engineers state 
that cast iron, reason its unreliability, has place building, 
there room for serious reflection and discussion. 

The problems connected with apartment hotel construction 
New York City are somewhat different from those commercial 
buildings. the first place, the buildings being purely speculative, 
the designers have been compelled exercise every device possible 
enable them secure the completion the buildings minimum 
cost; and, the buildings must sold soon possible, there 
are responsibilities other than moral, and long the building 
stands together until sold, the only controlling influences are the 
conscience the owner and the restriction the public authorities. 

The result this striving for economy seen the forms 
construction adopted structural designers. buildings this 
class, which there are great many either lately finished now 
process construction, cast-iron columns are generally used the 
lower stories, and, because the restrictions the building code 
the minimum diameter and thickness columns, the five six 
upper stories these buildings are usually supported structural 
members, which are either channels, or, some cases, even 
single angles, that, seeing such structure, one cannot compre- 
hend how physically possible transfer the load these columns, 
even though they are able carry were once properly placed 
upon them. 

statement the conditions existing connection with the con- 
struction buildings this class, while not pertinent this ques- 
tion, deserving recognition because its effect upon professional 
work, and these conditions will described briefly. 

The Darlington typical, and the owners the building organized 
into company for the express purpose constructing it. way 
had anyone this company ever been connected with the responsi- 
bility the construction building before. 

firm architects (whose sole business draw plans and make 
applications the public departments for the necessary permits for 
construction) was employed, fee which was about one-tenth the 
schedule rate, adopted the American Institute Architects, for 
this service. 


arrangements whatever were made for superintendence, the 
owner doing his own superintending. 


Mr. Lowinson. 
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The owner takes estimate both labor and materials each item 
the work. cases where materials will delivered contractor 
firm, the owner tries get the contractor supply these (sub- 
ject the lowest prices), thereby enabled shift the 
responsibility the contractor. Otherwise, the owner supplies the 
material and the contractor the labor. 

The owner depends the municipal authorities see that the 
labor will performed properly and usually does not concern himself 
with them until receives notice from one the public depart- 
ments that the law being violated and that has incurred finan- 
cial penalty thereby. His interests are the finished details, such 
matters appeal the eye and will help make the building. 

must borne mind that the financial interests are 
usually very little, any, and looks his profits the increased 
amount received asale over the cost the structure and land. 

the case point, not worth while enter into detailed 
discussion any other item than structural ironwork. 

The architects prepared set framing plans, and the Bureau 
Buildings issued permits, the assumption that the details did not 
require examination. 

Because the intimate relationship between the structural iron- 
work and fire-proof flooring systems, has become customary for the 
firms installing the floor systems prepare framing plan most 
economical for their system. this case, the various fire-proof 
firms easily showed the owners that they could save (in the 
case the system adopted) 000 using different spacing and 
lighter members the floor construction, 

course, there being engineer other intelligent person 
knowing anything about construction, this economy was adopted. 
(It appears strange that the owners all these buildings never called 
their architects task for this apparent waste material and 

The iron contract for finishing and erecting the building was left 
firm composed two persons, one whom knew nothing about 
iron buildings, other than would known any ordinary lay- 
man, and the other had had experience (as stated the coroner’s 
inquest) heating rivets forge, and helping screw bolts 
some large buildings where had been employed previous going 
into business for himself. Previous taking this contract, they had 
built some fire-escapes and had taken few small contracts. This 
was their first real venture. 

They realized immediately that was necessary have help from 
somebody who knew something about ironwork, and man was 
employed, salary about $15 week, for this purpose. This 
man, apparently, had had some experience, and, examining the plans 
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which had been prepared one the fire-proof companies, and Mr. Lowinson. 
under which the contract was taken, protested that the floor members 

were too weak, and prepared new set framing plans which 

there was additional iron worth about 000. The total value the 

contract was the neighborhood $28 000. 

The cast-iron columns were left marked the plans originally. 
does not appear that any investigation was undertaken deter- 
mine whether some more thousands dollars might have been saved 
scamping these. 

The foregoing statement typical, and there are serious doubts 
whether there one building ten this class construction 
erected under different auspices. 

The beams were bolted girders, girders were bolted columns; 
and columns were bolted together, but part the structure 
was any attempt made secure the rigidity which absolutely 
essential for structure designed with the formulas used for that 
purpose; nor was any arrangement made give assurance that the 
building must stand under any conditions which was likely 
subjected. The connections and the eccentricities the load were 
not provided for properly. The the columns extended 
two sides only, that safety could obtained their resting 
secure bases, case slight motion, because possible looseness 
connections. 

The workmanship the erection was poor. 

Some three weeks before the collapse, has been stated several 
eye-witnesses, the building was very much out plumb. 

The foreman the erection gang stated that believed was 
ins. out plumb. 

Apparently, the idea danger never suggested itself anyone, 
even after the leaning was known. bring back plumb, 
cables and tackles were used. The bolts the columns the 
lower stories were loosened up, and the building was jacked back. 
There record that the columns were screwed again, and the 
absence shims demonstrated that arrangements had been made 
for keeping the building plumb, when had been brought back. 
Ordinary common sense should have dictated that somebody should 
called find out the trouble and the remedy, but engineers cost 
money, and the speculative builder has money spend for such 
foolishness. has been taking chances all his life, and this 
mere incident. The chances are that luck will not against him 
this time. 

The side walls the building were about three four stories, 
the point which the columns apparently broke off around the 
walls. The brickwork was laid cement mortar, and appeared 
fairly well constructed. 
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Mr. Lowinson. 


The building was what was called cage construction, which has. 
another grave defect that the wall columns are embedded 
walls, and, with the projections their flanges and lugs, permit the- 
wall shrinking throw upon the columns and footing 
weight for which they were not designed. 

There evidence, however, show that fracture occurred 
any the wall columns, because this concentration the load due- 
the shrinkage the walls and the non-shrinkage the projections. 
the columns. 

The main source weakness, stated several engineers, was. 
the fact that cast-iron, unbraced building was erected nearly twelve. 
stories height with practically provision resist external 
strains due wind and vibration. had less strength, 
than toy house, twelve blocks high, built with children’s playing 
blocks. Because had nothing hold up, fell. The same may 
happen any moment any the other structures this class. 

The speaker believes that the author the paper states the primal 
cause the collapse due the failure one the third- 
fourth-story columns. possible that that may true. The 


author evolves theory the ‘‘Center Fall,” with which 


speaker must confess that, because his unimaginative mind, 
cannot bring himself agree. 

Our laws are fairly good. very difficult matter frame 
laws cover every detail construction. This building has 
made manifest number weaknesses the New York Building 
Code. The great lesson that hoped has been learned this 
building collapse the crime constructing buildings with 
intelligent supervision. The idea that public department should 
assure the safety the construction also wrong. The Bureau 
Buildings has certain functions perform. Its duties are purely 
those police surveillance. Germany, for instance, the Building 
Inspection Department each city branch the police and 
called Building Police. The officers this bureau 
should not expected guarantee the absolute safety the 
structure, but they should expected detect flagrant violations. 
The Iron Inspector stated that had about fifty buildings this 
class his district, and spent about ten fifteen minutes per week 
each building. 

The main weakness the law that there are means com- 

pelling the class people who are building now employ competent 
men undertake this construction. 

unfortunate fact that many buildings this city are 
danger collapse any moment. 


Hr.Mac- -H. Jun. Am. Soc. E.—The speaker has been 
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paying especial attention the ratio the thickness metal 
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cast-iron column flanges and beam seats that the shaft the mr. Mac- 
When the metal 


column, affecting the solidity such members. 

such part heavier than that the shaft, remains liquid 
state after the metal the shaft solid, and cools and shrinks 
likely draw away, near its center, from the shaft, causing 
shrink-hole; such conditions also tend the formation blow-holes. 
The sample which Mr. Parsons has good illustration this case, 
the metal the flange before was machined being probably ins. 
thick, while that the shaft Far more exaggerated cases 
this error have come the speaker’s notice, some designers putting 
beam seats ins. thick shafts in. thick. The metal flange 
bracket should never more than one-fourth thicker than that 
the shaft where located; and, where special strength required, 
the shaft can thickened, two more vertical ribs used in- 
stead one, the common practice. The same treatment applies 
column flanges, which can made far stronger for given weight 
metal using vertical reinforcing brackets than merely thick- 
ening the flange. this case the designer should bear mind that 
from must taken off the flange machining it, and pro- 
portion accordingly. 

The iron Mr. Parsons’ sample appears very high silicon, 
which would also tend the formation shrink-holes. This metalloid 
should not exceed 2.25% column castings. 

The condition the column the Darlington Hotel, 
reported by-Mr. Parsons, emphasizes the necessity more technical 
knowledge the part designers and more care selecting foun- 


dries where proper attention paid the qualities the metal used 
make structural castings. 


emphasize point made Mr. Schneider, regard skeleton-con- 
structed buildings, namely, that the skeleton should designed 
that will carry all loads and resist all external forces likely come 
upon any time without assistance from the materials which clothe 
the skeleton. 

The speaker will admit that this principle could not carried out 
effectively with skeleton, the columns which are cast iron, 
with skeleton constructed steel throughout. the previous 
speakers have disposed the cast-iron column unsafe for use tall 
buildings, which, usually, are the most important skeleton structures, 
may not amiss this time touch upon the need great care 
the design all important skeleton-constructed buildings. 

The speaker has watched the construction many such buildings, 
which the framing rectangular throughout, and they grow, 
tier tier, without diagonal bracing, even large gusset plates 
stiffen the joints, has been impressed with their lack native sta- 
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Mr. O’Brien. bility. most such cases, course, the designer expects that 
external forces will overcome the aid masonry curtain walls 
and floor systems; but, these features are seldom erected simulta- 
neously with the steel work, the risk involved, depending such 
assistance, very great. 

fact, the speaker aware one such structure, least, which 
was designed and erected reputable steel company (which had 
control the mason work), the roof which collapsed, because 
was loaded before the stiffening walls had been built reinforce 
the steel supports. 

One the first principles learned engineers, who design struct- 
ures, that rectangular frame has, theoretically, stability, 
forces applied along the members such frame will change its form. 
Therefore, the stability which attaches structures purely rectan- 
gular formation furnished solely the stiffness their riveted 
connections, which are often designed improperly, usually only for 
the direct vertical loads. 

The columns many skeleton buildings are placed, and are 
designed such section, that many, and sometimes all, their loads 
are eccentric (on the same side the column); and, too often, par- 
ticular attention paid this eccentric loading, the effect which 
should offset adding section the columns and making suffi- 
cient joints the connections. 

The speaker hopes that Mr. Schneider’s point, that skeleton 
structures should designed support all the loads, and resist 

all external forces coming upon them, independent the masonry, 
will carried out more faithfully designing engineers hence- 
forth. 


Mr. Just. Just, Am. Soc. (by letter).—Faulty design 
sufficient cause for the collapse the building under discussion. 
Therefore, unnecessary look for reason, other than the inher- 
ent structural weakness incident such faulty design. 

This being so, itis eminently proper inquire how the partial 
erection such structure could possible, the foremost city 
the country under code especially enacted safeguard the public 
interests, far they are involved the construction buildings. 

the very beginning, clear distinction should made between 
the law, the one hand, and the administration and interpretation 
the law, the other. The most perfect law, when administered 
interpreted incompetent corrupt authority, proves ineffectual 
and often oppressive. But building laws, like all other civil laws, 
even when honestly administered, need intelligent interpretation and 

consequent modification from time time, and remarkable that, 

while other branches law are interpreted and modified lawyers 
through the machinery the courts, public sentiment does not 
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demand that its laws relating construction mterpreted engi- Mr. Just. 


neers, who, must admitted, are alone capable directing the 
proper application what is, after all, natural law, against the 
law accumulated precedent. 

This inconsistency, however, can traced apparent, 
real, lack interest public affairs engineers the past. They, 
consequently, lack weight when new thought moulded, even when 
relates matters distinctly within the engineering field the 

Now the fact cannot overlooked that must 
necessarily perfectly general its application; that all.its pro- 
visions cannot possibly made comprehensive apply each 
specific case, and that any attempt must result limitation 
individual rights, the one hand, endanger public safety, 
the other. 

And may said that the best criticism made the New York 
code, under which the collapsed structure been partially erected, 
that pretends too much engineering.” Thechance repetition 
the present detail matter were eliminated, thus making the provisions 
the code more general. The unprincipled practitioner would then 
not able, now, force Department municipal government 
act practically engineer the design work for which him- 
self incompetent. might terminate the practice designing 
and kill the assumption that individual struc- 
tural members, when proper section for the performance their 
intended functions, will make safe structure, irrespective the 
manner their assemblage the quality the general design. The 
result should that experienced professional talent would 
engaged more generally. 

cast iron: The consensus opinion, to-day, undoubtedly 
favorable limitation its uses, and should eliminated from 
structures the character the one under discussion; but even the 
characteristics and variable quality cast iron not call for its 
utter condemnation. Violent poisons, harmless the hands the 
chemist, prove dangerous playthings for children, and with cast iron 
when the hands incompetents. 

may conceded that, the light experiment, the permis- 
sible unit values, the New York code, for cast iron column form, 
are too liberal. These matters are often the result compromise 
dictated rival trade interests, strongly intrenched. Engineers, 
however, are under compulsion use such values. unfor- 
tunate, therefore, that when speculative ventures are involved, the 
money for project limited, marked tendency shown use the 
ambiguities and inconsistencies the law make the work 
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this straining for building also due the present 
custom using cast columns the lower, and steel sections the 
upper, stories, with utter disregard for possible initial 
eccentric loading proper transmission. This results flimsy steel 
members, which have become easy target for criticism those 
who advocate the continued use cast-iron columns. 

And here may noted that the lawyer who avails himself 
flaws the civil and criminal law, the advantage his client, 
hances his reputation, but the engineer who violates the laws 
statics, not only impairs his reputation, but insures the failure 
his work. 

recurring the question the improper interpretation the 
spirit law, can positively asserted that was not the inten- 
tion, the framers the New York code, permit the erection 
hybrid structures the Darlington type, and the decision 
the contrary, which has created such bad precedent, 
then the law cannot too promptly modified this particular. 

remarkable how the efforts the framers were nullified, 
this particular. Recognizing the then existing tendency depart 
from pure skeleton type which the frame should all times 
self-supporting, they intended recognize only two types, (1) the 
old, wall-bearing type, and (2) the modern skeleton-frame type 
building. 

distinguish the two types clearly, they demanded for the first 
time that placed continuously all floor levels 
skeleton-frame constructions (Sec. 110). They reduced the then 
existing minimum thickness walls for this type (Sec. 36), and 
removed the heretofore general restriction that front and side walls 
must carried certain relation each other, and confined this 
requirement wall-bearing buildings (Sec. 41). 

added rigidity, from floor filling arches, was relied 
upon, for the requirement that the progress filling in, floor 
arching, should bear certain relation the height the frame 
not now, and never was, part the New York building code. This 
state labor law, enacted presumably for the better 
workmen engaged buildings.* The new code also, for the first 
time, distinctly empowered the head the Department call for 
such structural details his judgment might necessary 
(See. 4). 

Therefore, unfortunate for good construction that, was tes- 
tified engineer the building bureau, before the Coroner’s 
Jury, joint reading Sections and was interpreted permit 
erect buildings the type. This precipitated upon 
the public incomplete and insecure frame, without the restriction 


Chap. 82, Gen. Laws, Art. 1—Sec. 20, amended Chap. 192—laws 1899. 


that the enclosure walls must carried the same time—remov- mr. Just. 
ing the only element which might possibly have prevented collapse, 

itno doubt has many cases equally bad design. The curtain 

walls named Sec. were not, the minds the framers the 

code, intended include any exterior walls, but referred non-bear- 

ing, interior division walls only. 

The present law weak, far lacks requirements for 
proper superintendence, and the the Department 
this point are better. This could remedied amend- 
ment requiring that: building shall hereafter erected without 
the continuous direction and superintendence architect, civil 
engineer, who shall have had least five years’ experience build- 
ing construction; work shall commenced until the name and 
address such superintendent filed with the Bureau Build- 
ings, and all changes superintendent during construction shall 
similarly certified said bureau. 

The influence the American Institute Architects could very 
properly exerted for the enactment such would tend 
break the present pernicious practice architects engaged 
speculative work, who accept commissions for the making and filing 
plans, leaving the execution the work incompetent un- 
scrupulous persons. 

Too often, this early termination relations between architect 
and client, only apparent, and times results deceiving the 
public authorities. Proof such continued relationship, however, 
shown when these architects, often the case, permit them- 
selves used harass the contractors, for the benefit their 
speculative employers. 
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PHENOMENAL LAND SLIDE. 


James Am. Soc. (by letter).—An opportu- 
nity add few words the discussion this admirable paper 
eagerly embraced, although protracted absence from home profes- 
sional work, out touch with the Society had almost pre- 
vented the writer from participating subject deepest personal 
interest him. 

During 1894, the writer, with the title Consulting 
was employed design and construct the two reservoirs, Nos and 
involved this landslide, well two others, Nos. and 
the east side the river. 

The late Isaac Smith, Am. Soc. E., was the Chief Engi- 
neer the Water-Works. and Mr. Clarke was his principal Assistant, 
charge the construction the main pipe line from Bull Run 
Portland. 

The construction the four reservoirs, the few short months 
fair weather available the moist Oregon climate, was most hercu- 
lean task, and, under ordinary conditions, should have occupied 
least two seasons, but, the realization pure water supply came 
nearer, there was great public clamor for the completion the works 
before the close 1894, and the contractors for the pipe making 
and laying needed stimulated extra exertion the evidence 
preparedness the part the city’s engineer receive water 


Continued from 1904, Proceedings. See March, 1904, Proceedings, for paper 
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through the pipe; and, furthermore, large money saving, amount- Mr. Schuyler. 


ing $100 000 more, was made eliminating the cost 
pumping the city’s water supply early completion the sys- 
tem, there was strong incentive for pushing work the reservoirs 
rapidly possible. 

The writer’s judgment inclined more deliberate action, but the 
public eagerness enjoy Bull Run water the earliest possible 
moment, and the possible saving cost operation seemed sufficient 
inducement overcome his conservatism this regard. 

Delay completing the reservoir until 1895 would have given the 
slide opportunity develop without destroying the linings, but 
would probably have led the abandonment the reservoir sites. 
This would have been misfortune, for the reason that these reservoirs 
are the most convenient locality possible, and they can yet made 
available for reservoir purposes thorough drainage the slide. 
Any substitution them, the construction reservoirs equal 
capacity corresponding elevations elsewhere, would have been un- 
questionably more expensive the city than the losses involved 
interest the cost the unused portion the work and the cost 
that part the reservoir linings which has been shattered and de- 
stroyed the movement; added the subsequent expenditure made 
exploring and draining the slide. Events have proven that the city 
has really been gainer what has occurred, rather than otherwise. 

may considered particularly fortunate that the gate-houses 
and pipe connections were designed such careful manner that the 
breaks the reservoirs had wise interrupted the service, and 
the works are efficient though the reservoirs had never been 
injured the slide. Even the pumping plant, operated the water 
falling from Reservoir No. Reservoir No. was not stopped 
day its operation the high-level pumps. 

The developments, described minutely and interestingly the 
paper, the extent, depth, area and volume this remarkable slide, 
the very slow rate its movement, and the effect produced upon 
drainage, constitute impressive array facts teaching lesson 
the importance far-reaching investigation prior beginning im- 
portant construction. The preliminary investigations and borings, 
referred the paper, which were made prior the engagement 
the writer, were reviewed carefully him the beginning the 
work, and appeared conclusive and satisfactory demonstrating 
that the foundations the reservoirs were entire stable, and that the 
numerous local land slips, appearing all sides the reservoir sites, 
were not deep-seated, and would cut out the excavations planned. 
The writer examined carefully all the hill slopes above the reservoir 
many times during the excavation the basins, and never saw the 

slightest indication the general slide such developed subse- 
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_Mr. Schuyler. quently. stated, the small surface slips were numerous, not only 


the west side both reservoirs, but their east, north and south 

They were caused evidently super-saturation the soil, 
standing slopes the natural angle repose, and the 
manifest remedy was drainage. accomplish this drainage the 
most efficient way possible that the linings might not disturbed 
when the reservoirs were finally service, elaborate system 
slope and bottom drainage was planned and carried out, consisting 
part numerous drive-well points driven into the slope, relieve 
the water far back the surface possible. These were connected 
with tile drains laid and down the slope frequent intervals, 
trenches filled with broken stone. These tile drains discharged into 
sewer pipes laid the toe the slope, underneath the lining, all 
around the reservoir. emptying into the city sewers outside the dam. 

The most extensive and troublesome these surface slips was the 
one which constantly discharged mud into the excavations Reser- 
voir No. about the line the cable road. This slide extended 
west almost far the curve, the distortion which shown Fig. 
Plate VI, and was lubricated constantly spring water following 
down the cable road track. The writer noticed the distorted rails 
this curve several occasions during the season, and ascribed their 
condition the local settlement, and the slide below it. 

From all the phenomena observed the writer during the con- 
struction the reservoirs, the opinion that the large, main 
slide, the outlines which were revealed the year following the 
excavations the reservoirs, was state rest throughout the 
year 1894, the time when the cracks first appeared the west 
slope Reservoir No. August. The protrusion the upper 
layer clay marked line, and rapid rate, out beyond the face 
the excavation was sudden and startling, and although the time 
appeared deeper manifestation the old troublesome 
cable road slip than had yet been appurent, now clear that was 
the beginning the movement the big, main slide. That this was 
caused the removal the toe the slide the excavation the 
reservoirs indicated chiefly the fact that occurred the dry 
season and the latter end the summer. Had the slide been mov- 
ing during all the year previous, the manifestation could not have 
been overlooked. Evidently, was state unstable equilibrium 
requiring but small cause start moving again, and, although the 
volume excavation removed from the reservoirs was but that 
the moving area, pointed out was the key which 
held the mass from continuing its ancient movement. 

All other great slides this region have their greatest movement 
during the rainy season, while this one apparently started August, 
the driest part the year, with movement per day for sev- 
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eral days, although the subsequent maximum rate was but in. per Mr. Schuyler. 
annum. 

During the progress this work, the early part 1894, land 
slide occurred Portland Heights, about half mile southeast 
Reservoir No. which suddenly overwhelmed valuable dwelling 
with mud, and destroyed its contents. The volume earth which 
slid was probably less than 000 cu. yd., originating street em- 

bankment the heights near the edge high bluff. descended 

slope steeper than vertical height from 300 400 ft., 

and, after starting, its movement was rather the nature 
avalanche mud than that ordinary land slide. was evidently 
something this character which was expected the Committee 
100, referred the paper, when they protested against the location 
the reservoirs the City Park, Portland Heights slide was 
very recent occurrence and the mind everyone when they 
made their protest. Such torrential movement alone could have 
displaced the water the reservoirs and caused sudden flood, and 
was against accident this type that the Committee expressed 
their fears. The Engineers the city saw evidence the possi- 
bility slide that character the vicinity, and favored the 
continuance work. They were least well able judge the 
Committee 100 novices and laymen, and they certainly did not see 
sign the deep-seated ancient slide, the slow movement which 
afterward put the reservoirs out service. 

That this slide was caused primarily water and the lubrication 


manifest axiomatic. all land slides have the same 


which water afforded the under surface the moving mass, 
moving cause, and would remain stable but for water. 
The most notable and extensive land slides which have come under 
the writer’s observation occurred the line the Canadian Pacific 
Railway, few years ago, the result irrigating high bench-lands 
along the Fraser River. The litigation and investigation which fol- 
lowed was described the writer paper read before the National 
Irrigation Congress 1895, held Phoenix, Arizona. The cause 
these slides was similar those which developed the slide under dis- 
cussion, viz., removal the toe the old slide, state rest, 
cut, and the continued application water for irrigation, 
the same saturating excess which produced the slide before the 
railway was built. caused the slide; after the original 
movement reached state equilibrium where was longer 
moving, during which period the railway location was made; subse- 

quently, the railway cutting removed the toe the slide and started 
ent its movement afresh, and continued irrigation kept the ground lubri- 
ust, cated and motion until the courts enjoined the irrigation, and the 


trouble ceased. 
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correct say that the waters our western rivers have been treated 
more successfully sedimentation than filtration, but neither, 
alone, has been fully satisfactory. Their constantly changing condi- 
tion, high and low water, and the sources from which this water 
derived, make the problem very difficult one. While, most the 
year, they may treated successfully, there are times when they are 
very obstinate. 

Memphis the writer observed railroad tank, filled with water 
from the Wolf this, standing unused for three months, main- 
tained its dark color, and, being emptied, showed appreciable 
sediment. 

The Kansas River, sometimes for weeks together, shows really 
human aversion settling, and gives the Missouri similar character. 
Above Kansas City, the Missouri not obstinate; has bad spells, 
but not such long ones; the large amount sediment precludes fil- 
tration without previous sedimentation, and, except some the 
smaller towns, the water little used. 


*This discussion the paper Allen Hazen, Am. Soc. E., printed 
Proceedings for April, 1904), printed Proceedings order that the views ex- 
pressed may brought before all members the Society for further discussion 

Communications this subject received prior September 23d, 1904, will pub- 
lished subsequently. 
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weight sediment 673. That amount often exceeded Kansas Mr. Pearsons. 
City. 

designing the settling basins for Kansas City, 1874, the writer 
had the benefit the experience the late Henry Flad and 
Whitman, Members, Am. Soc. E., St. Louis, and the late 
Birdsill Holly, Lockport, Y., who had made careful experiments 
both sedimentation and filtration. 

The sedimentation St. Louis was then alternate; Colonel 
experiments showed that still water, 1000 parts sediment, 820 
subsided hours, 900 parts hours, 930 parts hours, 945 
parts hours, 966 parts hours, 969 parts hours. This 
was when the condition the river was favorable for subsidence. 
the writer’s experiments seldom found such rapid results, but 
considers the proportions sediment carried down and 
units time, close approximation. 

Mr. Holly’s experiments showed that water could moved 
rate not exceeding ft. per minute, care being taken make the flow 
uniform, with but little loss efficiency subsidence; and the need 
water level decided the construction the basins for 
continuous flow, although their shape was not favorable for the best 
results. The writer’s experience with these has led him consider 
continuous flow preferable intermittent. 

While may necessary consider the particles forming the 
sediment uniform hydraulic value, enable beginning 
mathematical deduction, such uniformity does not exist; observations 
the dust falling microscope slide will show some particles one 
hundred times large others, and the same, doubt, true 
the sediment rivers. 

Experiments made the writer, before designing the settling 
Kansas City basins, gave results which may useful the consider- 
ation the subject. 

Clear, flint glass tubes, ins. internal diameter, were joined 
with heavy rubber bands, making one tube ft. high, one ft. 


and one ft. These were placed before tall window, side 

side, with the bottoms the three tubes level, and filled alternately 
with water from the Kansas and Missouri Rivers, each time filling the 
three tubes together. Mr. Holly observed some the experiments. 
His first observation was that the water cleared quickly the top, 


has been claimed generally, but, covering the tops the tubes, 


this was seen only appearance caused light falling the 
surface the water, and difference color could seen between 

the top and bottom any the tubes any time during the sub- 

sidence the water, the bottom the 15-ft. tube showing more 

ex- color than the 5-ft. tube beside it, any stage the subsidence. 


This was unexpected, and careful examination was made dis- 
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cover the reason. first filling, the water was turbid that only 
showed color. cleared gradually the writer was able see par- 
ticles descending near the bottom the 15-ft. tube; times, some- 
thing the same could discerned the 10-ft. tube, but with diffi- 
culty, and none any time the 5-ft. tube. 

These particles, their uniform shape, explained their origin and 
action; they were pear-shaped, rather like little tadpoles swimming 
head down, the tails tapering invisibility; plainly some larger 
particle its quicker descent had overtaken and joined smaller ones, 
and, increasing constant addition, had last become visible, their 
motion near the bottom being rapid that, had been uniform, 
but few minutes would have been required for the whole descent. 

These observations induced the belief that more depth could 
used sedimentation than had been considered advantageous, thus 
increasing the cross-section depth instead area. The fragile 
character these aggregated particles soft mud also showed how 
necessary stillness was guard against their disruption, and fully 
bears out all that has been claimed for the use and necessity 
partitions. 

1886 the source supply was changed from the Kansas the 
Missouri River, and continuous flow provided for the new basins, 
though their shape made its use less effective than they had been 
parallelograms. The water was received central basin, holding 
some hours’ supply, and provided with bottom having slope 
10% admit frequent and rapid cleaning. From this the water 
passed through three other basins, each having capacity about 
day’s supply (when the flow was from millions gallons per 
day). The receiving basin gave deposits aggregating much 
ft. depth per year, the second basin about one-third this depth, 
and the last only few inches. this deposit, nearly one-half was 
thin and soft that would flow out without washing, and there 
was indication any the basins any critical bottom velocity. 

The writer dissents entirely from the idea Proposition 12, that 
any instantaneous clearing the surface exists. Though the water 
the surface may naturally considered freed more quickly from 
the heavier sediment, its color will kept considerable extent 
the lighter material left behind, and the clearing found more 
apparent than real. This relates rather color than weight sedi- 
ment, which less near the surface. 

Proposition 13, the idea given that the particles different 
hydraulic value simply follow each its own rate descent, whereas 
the writer’s experiments show that they coalesce with other particles 
and increase size they descend. Although this increase may 
only mechanical, would seem, even when coagulants are used, 


that the action may analagous that the formation rain 
drops. 
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filtration, Colonel Flad’s experiments showed that upward Mr. Pearsons, 


filtration was effective fourteen times long downward, with the 
same water and rate flow; that is, required fourteen times long 
clog the filter. This may considered properly connection 
with the subject, for the reason that the upward movement the 
water was not greatly excess the downward movement the 
sediment, and that the flow was under ideal conditions stillness 
the water treated. Such filtration, connection with adequate 
sedimentation, would step advance any present treatment. 
This speaking the subject mechanical light; other considera- 
tions may modify these statements, which are not intended criti- 


cism Mr. Hazen’s able paper, but presenting some data which 
may service. 


Spurr Weston, Assoc. Am. Soc. E.—At New Orleans Mr. Weston. 


the speaker had some experience with small subsiding basins—basins 
ft. long and ft. deep—and, while the experience gained not 
any way opposed the formulas, assumptions and propositions 


Outlet 410 parts 


460 parts 


550 parts 


Basin Capacity = 72 Hours Flow 


Inlet 12 hrs 24 hrs. 48 hrs. 
Period of Sedimentations 


this excellent paper, many times results were obtained which did not 
agree with those obtained Sedden These opposite re- 
sults, however, may explained, perhaps, differences local 
conditions, such the relative temperatures air and water. 

Much the Mississippi River water New Orleans, when intro- 
duced into subsiding basins, stratified quickly, especially during the 
periods when the temperature the air was higher than that the 
water. The incoming turbid water appeared flow under the water 
already the basin, and, leaving part the suspended matter be- 
hind, appeared rise vertically the surface layers before moved 
toward the outlet. 

The inlets the basins were one end, ft. from the bottom, and 
the weirs the full width the basin—were the 
other. One might argue from certain premises that these basins 
the curve the suspended matter remaining after different periods 
would reach from inlet outlet along curve 
bola, illustrated the diagram, Fig. 
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times such conditions were not observed, however, Table 
will show. 


TABLE AND TEMPERATURE WATER 


Depth, 
1901. bidity. bidity. bidity. 
Mar. 26.. 900 52.1 62.6 64.4 
2 900 62.1 12 61.7 25 61.7 
6 900 52.1 880 56.3 400 56.3 
950 54.6 180 58.1 180 58.1 
4 950 54.6 860 55.4 860 56.3 
950 54.6 500 55.4 550 55.0 
950 54.6 625 54.6 600 55.0 
10 0 975 53.2 100 100 
“ “ 6 975 58.2 440 480 


Silica turbidity results are given parts per million. 


Table the increasing temperature the basin water, during 
storage, should noted. This more factor the South, per- 
haps, than other localities, where the temperature the air would 
higher than that the water for shorter period during any aver- 
age year. 

other seasons the year, New Orleans, when the temperature 
the river water was not low that the air, such differences 
turbidity, between the samples taken different depths, could not 
observed. 

Baffles are important aids sedimentation, and, whereas excellent 
results subsiding basins are obtained when conditions promote 
stratification, the speaker believes that the ideal baffle one which 
similates stratification, or, Mr. Hazen has said, horizontal baffle. 
reference this, may interesting mention the fact that, 
water-softening plants, highly increased efficiencies sedimentation 
have been obtained modification this design, that is, inclined 
baffles, inclined that they may cleaned. 

trade, water-softening tank, common use, example 
this form construction. this device the inclined perforated 
plates are arranged around the wall the tall subsiding tank; these 
plates are like shelves one above another. They incline toward the 
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which open. Whenever necessary, the accumulation the Mr. Weston. 
plates washed the center the tank, where falls tothe bottom, 
whence may readily washed out. 

But one thing remove successfully the coarse crystalline 
sediment resulting from the softening process, and another remove 
such process the fine colloidal clay particles from natural waters. 

seems the speaker that the ideal condition for economical 
subsidence that outlined under Proposition 12, the paper, where 
the water enters near the bottom the tank and escapes near the top. 
The nearest approach this condition would seem basins with 
frequent These baffles should built skim the 
water from the first compartment and deliver near the bottom the 
following compartment. One reason for this that the frequent 
bringing the water the bottom the basin, provided always that 
the velocity not increased greatly thereby, diminishes the distance 
through which the particles must sink. easier prevent par- 
ticles from rising than precipitate these same particles against the 
same current. 

With this form construction, would easy arrange use 
the whole basin when conditions were such that stratification would 
exist, and, did not exist, the sedimentation basins would 
broken into compartments, thereby diminishing the effect wind 
and temperature disturbances. 

Mr. Hazen bases large number propositions one value 
would interesting substitute other values ¢,—for instance, 
infinity. the latter case, would quantity vastly different from 
those mentioned the paper. Mr. Fuller has illustrated this phase 
the conception very clearly noting that part the colloidal sus- 
pended matter, particularly the fine clay the rivers the Missis- 
sippi Basin, never settles, that is, never from practical standpoint. 
This clay fine, however, that beyond the reach plain sub- 
sidence, and should treated other ways. Continuing with this 
thought along the line Mr. Hazen’s conclusions, one would come 
believe that multifold filtration, leaving out consideration the ab- 
sorptive power the sand itself, would not remove continuously and 
completely the last particles fine clay, except prohibitively low 
rates filtration. 
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THE GATUN DAM. 


Discussion.* 


Harrison, Am. Soc. E.—Mr. Ward’s suggestion 
that the dam and locks for controlling the waters the Chagres 
River and Panama Canal the Atlantic side built Gatun instead 
Bohio, presented for consideration and not final project. 
the absence definite information the foundations, attempt 
made give detailed design, nor make accurate estimate 
cost. For the purpose giving approximation the cost, the 
author has made comparison with the dam Bohio, proposed 
the Isthmian Canal Commission, which perhaps the best that can 


done that direction, the light present information the 


subject. very unsatisfactory for the purposes this discussion 
have little information concerning the character and extent 
the material overlying the bed-rock the proposed location the 
dam. far the speaker knows, borings have been made 
any part this line for the purpose determining the elevation 
the bed-rock. However, some comparatively shallow excavations have 
been made this vicinity excavating the Panama Canal and the 
Diversions for the Gatuncillo and Chagres Rivers. 

Starting the Pacific Coast, near the City Panama, the general 
line the canal runs northerly direction the Atlantic near 


*This discussion (of the paper Ward, Am. Soc. E., printed Pro- 
ceedings for Aprii, 1904), printed Proceedings order that the views expressed 
may brought before all members for further discussion. 

Communications this subject prior September 23d, 1904, will pub- 
lished subsequently. 
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Colon; but, avoid confusion the directions, will considered Mr. Harrison. 


running north and south, and that part the Isthmus extending 
toward South America being the east. The range mountains 
between the two oceans, and approximately parallel their coasts, 
voleanic origin. This range mountains—of moderate height for 
the entire length the Isthmus between North and South America— 
the only regular feature the formation. the vicinity the 
Panama Canal the surface the ground was left very irregular 
ridges, valleys and knolls hills. Caribbean Sea one time 
extended over the entire area what now the alluvial swamps 
the Chagres River, far inland Bohio, where was connected 
through narrow channel with bay extending over the area approx- 
imating outline the lake which would formed after constructing 
the proposed Bohio Dam. the east Obispo there existed large 
area with direct outlet, north south, either the Atlantic 
Pacific Oceans, and the drainage from flowed west Obispo and 
thence north the lowest valley the Atlantic. The heavy tropical 
rains, falling soil unprotected vegetation, evidently carried 
large quantities silt toward the sea, and resulted first filling 
the valley between Obispo and Bohio and later forming the swamps 
between Bohio and the sea. This seems the probable geological 
history the formation the present Chagres River and the low 

lands adjacent it. possible that there may have been consider- 
able subsidence the coastal territory, seems fairly well established 

some distance westward along the Nicaragua Coast. making the 

borings the site the Bohio Dam, pieces timber were encoun- 
tered depth about 100 ft. below sea level, and, one hole, 

log least ft. diameter was found this depth. Also, 
places, sand depth 100 ft. overlies the bed-rock. These data 
indicate that one time the bed the stream corresponded with the 
present rock surface, and that the entire deposit overlying was 

formed running water. 

Between Bohio and the sea great many knolls rock project 
the ancient valley. Some have their tops about level with the present 
swamps, others are many feet below it, and still others exist rocky 
islands. With such irregular formation, and the absence 
borings, the depth rock between these knolls cannot guessed 
with any degree probability. fact, some the knolls which 
project above the swamp are not shown the existing contour maps 
this territory. This not surprising when the great difficulties 
making surveys that country are known. The low lands are cov- 
ered with tropical growth dense that impossible see into 
more than few feet, and lines must cut every point where 
elevation taken. possible run line within 100 ft. 
hill from ft. high and not discover its existence. Just 
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Mr. Harrison. south the west end the proposed Gatun Dam, Plate XXI, will 


seen excavation starting from the Chagres River. related 
that when this cut was begun was intended connect with tan- 
gent the cut north the proposed Gatun Dam, and thus form 
channel for diverting the waters the Chagres; but, after the work 
had progressed for the distance from the river shown the map, 
rocky hill was discovered—the existence which had not been known 
before—and the diversion channel was moved further down stream, 
shown. heavy wooded growth, not only makes surveys difficult 
and expensive, but conceals the irregularities the ground surface. 
Evidently, the existing contour maps were not intended made 
that detail and extent necessary give the information for locating 
dam built height 10) ft. above sea level the neighbor- 
hood Gatun. possible that careful surveys would develop the 
necessity building dams dikes, other than the one shown Plate 
XXI, impound water Elevation the lake. The existence 
proper location for aspillway discharge the flood waters the 
Charges very important item. located near the east end the 
dam, would expensive and would discharge the water into the 
canal below the dam, unless this were obviated constructing for 
separate diversion channel the sea. channel has already 
been excavated for diverting the waters the Rio Gatuncillo and the 
Mindi, but would have enlarged very much take the flood 
waters the Chagres. locating the spillway near the west end 
the dam, the floods would discharge through the Chagres into the sea 


without interfering with the canal, but good location for not’ 


shown the maps. 


With existing data the contour the country and the char- 
acter the foundations, seems impossible make estimate 
the cost the Gatun Dam, make satisfactory design. For 
the purpose making the estimate cost, the author has compared 
its length with that the dam Bohio proposed the Isthmian 
Canal Commission. This may not Thelength 
the Gatun Dam may greater than estimated, and the depth 
rock foundation unknown quantity. the paper* ‘‘The 
Bohio the late George Morison, Past-President, Am. Soc. 
E., given, Fig. the location several sections where borings 
were made. The cross-sections the valley, these lines, are shown 
Fig. will seen that Sections Cand are all shorter 
than Section and that the depth rock Section less than 
any the others. the last-named location the greatest depth 
rock west the river, and not under its present bed, which, for 
reasons that need not given detail here, was considered favor- 
able circumstance. Although the depth, even here, was greater than 
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any other place where foundations magnitude have been attempted Mr. Harrison. 
heretofore the pneumatic process, the adoption this location for 
this purpose seemed advisable. The Isthmian Canal Commission, 
therefore, selected location where the bed-rock was highest, though 
gave greater length dam. was the opinion that 
the cost construction this line would less per linear foot than 
any the other lines, and the hazards construction much less. 
view the unknown depth good foundations Gatun, the cost 
that dam per linear foot may differ very markedly from the one 
the Bohio location. That the cost would very great, there 
doubt, but the data are not sufficient make even approximate 
estimate. 

suggested that case the 90-ft. dam thought inadvisable, 
one impound the water Elevation might built. This open 
the same objection the 90-ft. dam, though the risk might not 
great. 

This elevation suggested, ft. seems the maximum 
permissible lift for Why this not clear. The lock 
walls can built just strong 50-ft. lift for 45-ft. lift. The 
uncertainty, any, must then exist the lock gates. These would 
metal, and could well designed withstand the water 

pressure due 50-ft. head for that due 45-ft. head. bridge 
100-ft. span can designed carry load 100 lbs. per square 
foot, and one 500-ft. span can designed carry the same load. 
One would not considered less safe than the other under this load- 
ing. The same reasoning can applied lock gates. Under some 

conditions, the quantity water used each lockage might con- 
trolling factor determining the lift. assumed that the gates 
will wrecked vessels: such accidents are likely happen 


Atlantic slope has presented the greatest difficulties, and has seemed 
recognized the least safe structure the entire project. 


one the other. water from the reservoir, when the 
lift the lock greater than the depth the channel, will the 
same each case, controlled the elevation the upper 
miter sill. believed that the lift the lock need not limit 
ft. the height the alternate dam. The Board Engineers 
Deep Waterways, June, 1900, reported ship canal from the 
Great Lakes the Atlantic tide waters, and recommended lock 
52-ft. lift that part the canal between the St. Lawrence River 
and Lake Champlain. There seems reason why could not 
ter and operated successfully. 

also possible that the advantages, navigating broad, 
pth shallow channel, over those restricted, well-defined channel, are 
for over-estimated. 
all the studies for high-level canal Panama, the dam the 
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this view correct, would prudent not increase these uncer- 
tainties building the dam unnecessarily long. 

study the contour maps and inspection the country along 
the route the canal show that the narrowest point the valley 
the vicinity.of the proposed Bohio Dam. dam were located 
above this, would wide basin; and, below, would 
the broad swamps the Chagres. 

intended these remarks only point out more fully the 
physical conditions, far they are known, the two sites, Bohio 
and Gatun. conceivable, although extremely improbable, that 
further surface and sub-surface examinations the Gatun location 
may reveal conditions making the comparison more favorable 
than the present information would indicate. 

The dam proposed Boca, near the Pacific terminus the 
canal, seems even less advisable than the Gatun Dam. 
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Earth Pressures” has been one great interest the 
speaker for the past thirty years, especially connection with the 

phenomena great land slides, both natural and artificial, with 
which has been specially connected, beginning with the construc- 
tion the Cincinnati Southern Railway Tennessee 1874. 

The author the paper congratulated upon his careful 
and painstaking study the subject, from the technical and mathe- 
matical side the question; and all engineers engaged public 
works, where such conditions are encountered, owe him and other 
mathematical investigators debt gratitude. 

Every engineer who has made study this subject, and has had 
apply the same practice, knows full well the great value 
the profession all such scientific discussions, and the mathe- 
matical formulas deduced from experiments the laboratory. The 
speaker has whatever casting any reflection upon such 
mathematical investigations, either pure applied, for years gone 
himself has been somewhat mathematical gymnast, but 
desires call attention one two very important facts, which, 
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would seem, are almost entirely omitted investigating lateral 
earth pressures and land-slide phenomena. 

More than thirty years’ experience contact with actual condi- 
tions Nature, throughout the Rocky Mountain region from Canada 
Mexico, has convinced the speaker that, the construction re- 
taining walls, and other works resist lateral earth pressures, and 
the investigation the causes great land slides, two most impor- 
tant conditions are usually overlooked. 

The mathematical formulas are absolutely correct, deduced 
from the conditions, stated; but, how often are just such conditions 
found the mountain side, the reservoir, the great land 
slides the world? The mechanical are there, and the 
mathematically calculated results should occur; but, how often are 
the beautiful formulas entirely upset and made utterly useless 
Nature quietly inserting some little geological chemical coefficient 
which has been entirely neglected the calculations 

the point which intended draw particular atten- 
tion, the dependence every such formula and all such investiga- 
tions upon the all sciences, applied engi- 
neering 

the discussion lateral earth pressures and the causes and 
effects great natural land slides which produce such tremendous 
lateral pressures, two other sciences, namely, geology and chemistry, 
are absolutely necessary—in addition the mathematics—and per- 
haps some others also. 

About eight years ago the speaker was employed the Canadian 
Pacific Railway Company, examine and report upon the great land 
slides the Thompson River, British Columbia, and in- 
tended now give only few facts from the results that investi- 
gation, illustrate the point hand, for the reason that some, 
least, may not find time read paper* the speaker this sub- 
ject which the peculiar conditions encountered and the methods 
investigation are described some length. 

very brief: The slides referred occurred point the 
Canadian Pacific Railway about 200 miles east Vancouver, C., 
near where the railway passes through the Black Tunnel. 
This portion the Thompson River traverses gorge about miles 
wide the top, and about ft. deep, with hills and higher 
ranges rising back each side elevations between 000 and 000 
ft. The river runs inner gorge. There but little bottom land 
near the river, the real banks which are from 150 ft. above 
low water, and which extend upward benches and terraces back 
from the river and much greater heights. 


Stanton, Inst. E., Minutes Proceedings, Inst. E., Vol. 
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the time the speaker’s examination had been believed Mr. Stanton. 
that the great slides were caused seam clay bed-rock, sim- 
ilar the Portland slides, and common most such land slides 
slips. The water from the irrigation farming lands the benches 

above (which had always been understocd the direct cause the 
slides) was supposed have sunk down through the underlying 
material, and, lubricating the stratum clay bed-rock, destroyed 
its friction, and enabled the mass slip down incline into the 
river, carrying the railroad embankments and cuts with it. 

explanation, may interest state that this section 
British Columbia, only miles east the Pacific Coast, where 
the rainfall Vancouver attains ins., and points even 
exceeds 150 ins. per annum, there country hot and dry 
Arizona, where not blade grass raised without irrigation, 
and the temperature ranges from 120° summer 50° winter. 

After careful and extended examination the slides and the 
country around them, the speaker was convinced that such stratum 
clay and bed-rock sloping toward the river existed, least 
above the bed the river, cause the results noted; and 
that, although the irrigation water was fact the direct cause the 
movements, the question was not one mechanics mathematics, 


but rather one geology and chemistry, influenced perhaps some 
remoter sciences. 


There were eight separate portions affected, six being compara- 
tively small, with two very important slips known the North and 
slides. both places the country originally sloped 
from the river series benches terraces the first line 
hills. The south slide has extreme length 880 ft. along the 
railway, and extreme width, back from the river, 1575 
somewhat irregular form, with semicircular outline back, 
and covers area acres. The north slide has maximum width 
its widest portion nearly 0.5 mile, and length, back from the 
river, approaching 0.75 mile, with the same semicircular back line. 
irregular form, and covers area The height 
the first bench next the river, both cases, was originally about 
ft. above low-water level. The land then rose successive levels 
height, the south slide, 400 ft. the bench the top, 
back edge, where the cave-down broke off the solid ground, and, 
the case the north slide, extended the third higher bench 500 
ft. above the river. impossible ascertain what depth these 
enormous masses earth and loose rock broke, or, other words, 
the depth the plane which the mass moved toward the river; 
but estimated that the back edge the south slide the break 
fell almost vertically for distance more than 300 ft., and the 
north slide perhaps more than 400 ft. 
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Speaking generally, after the great valley the Thompson River 
was cut out glacial action, was filled again with glacial drift and 
silt, and once more the river cut its channel down through this glacial 
deposit and now flows narrow gorge, within the greater one, 
which slopes benches and terraces the hills and mountains 
both sides. 

The terraces each side the valley along this section consist 
the soil the top each bench light sandy loam the depth 
coarse river sand. Next occurs loose and nearly clean stratified gravel 
and boulders, and below this partially cemented gravel with larger 
boulders. The material which holds together the gravel and stones 
this formation boulder clay, porous arenaceous clay silt, through 
which water passes freely, yet which, dry state, will stand 
vertical walls considerable height. extends greater depth 
the higher terraces; places perhaps 500 ft. deep. The 
boulder clay here found two forms: its original form, first 
laid down; and, especially upon the lower benches next the river, 
secondary rearranged form. Under the lower benches, par- 
ticularly under the slips, there deposit silt imperfect clay, 
which shows places depth from 200 ft. the same 
silt which forms and binds together the boulders the boulder clay, 
but entirely free from gravel boulders. These lower deposits 
have been named the white silt deposits. are generally fine 
and uniform texture, and are usually well bedded perfectly 
horizontal layers from in. ins. thickness,” with occasional 
sandy seams and small pockets coarse sand, formed locally, ap- 
pearing places. 

the continued application large quantities water 
upon the cultivated fields above, and upon the upper portions what 
are now the slides, almost the entire surplus not absorbed the 
plants evaporated, sank down freely through the loose soil, sand 
and gravel; and, while not readily, yet with considerable ease, 
through the boulder clay, and reached the underlying silt. After 
some years this water saturated the argillaceous silt and converted 
into the form river mud about the consistency thick pea-soup. 
Long before the whole mass, even very large part it, reached 
state perfect saturation, the silt would lose its power sustaining 
weight. the two places here referred to, account the peculiar 
topographical and geological contour the country, the water applied 
the back was concentrated, comparatively speaking, into one chan- 
nel descent (in each place) the body silt below, and thence 
penetrated every direction. The process saturation required 
many years produce any results, for considerable quantity 
the silt had become saturated the point which would lose all 
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cohesion, would not move, account there being great dis- Mr. Stanton, 
tance any point outlet, together with the self-supporting power 
the boulder clay its confined position, which was nearly all ab- 
solutely dry over the slip; hence large extent the underlying silt 
became more less saturated before could find outlet any 
direction, even with considerable weight upon its more less 
semi-liquid state. Finally, when large body the silt had become 
saturated such extent that could not sustain even its own 
weight, except its confined position, and the limit resistance, 
possibly the form arch, the boulder clay had been reached, 
the great mass earth and boulders above—in the case the south 
slide, estimated weighing some 000 000 tons, and the north 
slide approaching 100 000 000 tons—the whole mass dropped almost 
vertically, while the immense tracts broken and mixed material 
outlet forced their lower sides out the line least re- 
sistance and found their way into the river. This action distinctly 
shown the almost vertical walls the boulder clay along the out- 
line these two slides. While their foot there now talus slope 
crumbled material, these walls stand vertically height from 
200 ft., more clearly shown the north slide, where the vertical 
cliffs boulder clay, and places the silt itself, extend around the 
whole slide for distance more than 1.5 miles. also shown 
the present position large sections the original surface the 
highest bench, which broke off the line the back wall, and which 
now stand the sunken mass angle about 45°, with their 
former level surfaces tilted back and away from the river. The back 
edge thus dropped first and lower than the portion some distance 
front it. dropping and pushing out toward the river, the whole 
tract was broken into sections great cracks, which still exist. The 
larger cracks run parallel with the river and right angles the line 
movement, while other and smaller cracks run every direction, 
cutting the whole into blocks boulder clay and dry silt. 

every instance noted, these slides occurred from years 
after irrigation began each point. the case the larger one, 
the great north slide, the final catastrophe was hastened the burst- 
ing reservoir. very large quantity water was necessary 
for raising crops, account the sandy nature the soil and the 
nature the subsoil. The topography benches assisted 
materially toward the final result. Each field being the form ofa 
shallow basin, around which the irrigation ditches were built, little 
the surplus water was drained off; hence the greater part that 
not taken the plants evaporation ran toward the center 
the field and soaked down one channel. 

most important question here arose, and was pressed hard the 
trial suit for injunction before the Supreme Court British 
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Columbia, which suit went through all the courts appeal Canada 
and was finally settled favor the Railroad Company the Privy 
Council London. The question was this: How could the silt, 
which melted quickly into slimy mud still water, stand verti- 
cal walls 100 ft. high, and resist the action, for centuries, the river 
running against its sides and not melt down all? 

the action the water upon the peculiar masses silt which 
present underlie the benches and terraces along the Thompson 
River, number curious facts were noted and around the south 
slide, which first seemed most difficult explain. The silt im- 
perfect clay, which lies some points this section masses from 
200 000 ft. thickness, generally fine and uniform texture, 
ins. thick. its natural state hard and dry, like soft sandstone, 
and, when held between the fingers and struck with light hammer, 
rings like stone. large piece this silt, however, placed basin 
water dissolves after few minutes and falls down, not lump 
clay, but mingles with the water, forming semi-fluid mass like 
thick pea-soup. The same soft mixture was observed oozing out 
many points along the foot the slide, forced out pressure from 
above; the question arose, how was that this silt stood vertical 
walls from 100 ft. height along the Thompson River, with the 
waters the stream running along and against their base, and 
high water some distance them, and yet they had stood for ages, 
and were but little injured, except slight atmospheric disinte- 
gration? 

The silt formed three principal parts—silica, the form 
coarse and fine sand, and alumina two forms, first, disintegrated 
feldspar, simply separated mechanically into grains, both coarse and 
fine, also the form sand, and constituting large part the 
mass; and second, decomposed feldspar plastic clay. Under the 
action running water, the sand, both the silica and the disinte- 
grated feldspar, washed out and off from the surface, while the 
decomposed feldspar precipitated and forms coating true plas- 
tic clay upon the mass, which soon becomes impervious the water 
and practically indestructible, thus protecting the underlying silt 
from further action the water. The result chemical examina- 
tion the material given the paper referred to. 

Mr. Warsap, the chemist who made the analysis, also sug- 
gests the chemical action and assistance the carbonic acid the 
atmosphere, and ammonia, present the clay and the lime, 
forming this impervious coating. The mechanical action separa- 
tion and precipitation noted above, believed, accounts for all 


the peculiar phenomena observed every point and around the 
slides. 
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The great quantity irrigation water soaked downward into the Mr. Stanton. 
mass silt. would absorb 53% water without changing its form, 
yet with only about would incapable sustaining any great 
weight except its confined position. After the final breakdown, 
and its release into the river with the continual application water, 
and still being under pressure, this semi-liquid silt, containing all its 
original constituents, forced out the foot the slide great 
quantities. steps this ooze likely sink into it, 
while, within only few feet such spot, when examined the 
speaker, there lay large block the same silt which had fallen over 
into the river dry state, and over which the last season’s high 
water had run; stood ft. above the level the river beach, 
and the speaker walked and jumped upon without making any im- 
pression. Breaking off piece this block, was found that, less 
than in. under the surface, the was its original form, and easily 
dissolved water. the river, under low water, were also observed 
great masses this silt which had fallen over into the river blocks, 
over the surface which the river had run for years without carrying 
them away. other hand, the backwater eddy soaking 
through the cracks and getting behind and around other blocks dis- 
solved them completely, and the river carried them away. 

has been suggested Emil Kuichling, Am. E., that 
there may other causes which enter into the formation the pro- 
tecting surface quickly placed the mass silt clay when 
exposed the action running water and which thus prevents its 
destruction. The particular which Mr. Kuich- 
ling refers being that biology. Mr. Kuichling has made quite ex- 
tensive study and examination into the development the vegetable, 
and some thought even animal, life the surface newly 
exposed clay banks, especially brick yards. 

not for the speaker refute any such scientific suggestion 
when coming from Mr. Kuichling. The subject one which the 
speaker has been somewhat interested, and has observed and noted 
the growth vegetable life, and its undoubted protection, upon almost 
vertical railroad cuts, along the Missouri River between Omaha and 
Platsmouth, Nebraska, where from his personal knowledge, these banks 
have stood for more than twenty years, still showing the marks the 
picks used their first excavation, and also upon cuts railroads 
and common wagon roads, the neighborhood Vicksburg, Missis- 
sippi. 

The part that biology may play the protection all these banks 
walls clay silt most interesting one, and one that should 
receive careful study, but not one that the speaker can now enter 
fully into for two reasons: First, not having the necessary accurate 
and detailed information, and secondly, not having the time give 
this subject sufficient study. 
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Still there are one two considerations which would seem, with- 
out further knowledge, answer partly, not completely, Mr. Kuich- 
ling’s suggestion when applied the vertical walls silt the 
Thompson River. 

The action the running water, taking away the silica and 
feldspar sand, and precipitating the plastic clay protection, almost 
instantaneous; were not so, the wall would crumble and washed 
away. 

possible that plant life, even though the seeds, howsoever 
minute and howsoever numerous, exist,as stated, the clay itself, 
could germinate, take root, and form such protection inappre- 
ciable instant time 

That such plant life does form and protect many clay banks, 
observed and noted the railway cuts Nebraska and Mississippi, 
entirely correct; but has not such formation required considerable 
time, compared with the instantaneous action the running water 
the silt British Columbia? 

Further, from many experiments the propagation disease 
—the very subject which Mr. Kuichling was investigating for the 
New York Board Health—it claimed very high authority 
that the germs from which the vegetable and even animal life come 
are more likely those deposited upon the clay from the air. Not at- 
tempting this time prove disprove this claim; true, 
would seem that would require still longer time produce 
such life and growth would protect the silt walls from the water 
action. 

either case, would appear that the mechanical action the 
running water, described above, perhaps coupled with the chemical 
action, suggested the chemist, Mr. Warsap, entirely accounts for 
the observed phenomena the Thompson River. 

However, the suggestion geology, third science 
studied, places more emphasis upon the subject this discussion— 
the absolute necessity for engineers engaged the construction 
permanent works, more particularly reservoirs, railway embankments, 
retaining walls and other structures intended resist lateral earth 
pressure, study, besides mathematics and mechanics, all kindred 
sciences which may possibly enter into and affect the final conclusions 
and results. 

Hence, particularly urged upon young engineers, and 
fact upon all, before constructing such works, find out first ex- 
actly what the material really is, both geologically, chemically and 
otherwise, and then calculate mathematically its mechanical oper- 
ation. 

Perhaps may not out place here ask question two 
which, hoped, may bring out discussion which will throw light 
upon this general subject. 
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Has not the modern specializing the engineering profession into Mr. 

the numerous special branches tended cause many, particularly 
young, engineers, feel, and, their injury, act upon the feeling, 
that their particular branch was the one all important, and thus led 
into such errors noted connection with all previous investigations 
the British Columbia land slides? 
one appreciates more fully than the speaker the advantages 
special technical education and thorough knowledge one subject 
least, and the disadvantages its absence, and thus possibly being 
Jack all trades,” but did not the old-fashioned practice civil 
engineering—which embraced everything except military works—im- 
pel the engineer, placed far out the confines civilization, and 
thrown upon his own resources, look upon the problem hand from 
more different sides, and not only through his own particular hobby, 
speak, and thus bring him nearer the composite truth, than the 
modern specialist, under the same circumstances? 

These considerations are not advanced dogmas even posi- 
tive opinions, but for the purpose and the hope drawing out 


from engineers, more competent speak, their opinions one side 
the other. 


Lams, Am. Soc. E.—This subject great im- Mr. Lamb.. 
portance. Mr. Stanton seems infer that the paper more theo- 
retical than practical. The speaker differs from him. 

Those whose business the designing material-handling plants 
are aware the paucity empirical data regard lateral pres- 
sures various materials, and practical conclusions deduced from 
such experiments. would have been benefit Mr. Goodrich 
could have extended his experiments number materials, such 
coal, ashes and mineral ores, and given his deductions therefrom. 

designing coal bins for use New York City, the Building and 
Dock Departments require that calculating the lateral stresses, 45° 
used for the angle sliding bituminous, and 30° for anthracite 
coal. Tests made the speaker indicate that dry coal 
will slide down iron chute placed 40° the and down 
wooden chute degrees. Anthracite will slide down iron 30° 
and down wood degrees. freezing weather, iron chutes often 
become inoperative the angles above named. 

bins with flat bottoms and with side gates, the problem 
changed; and the angle repose due friction coal upon coal has 
considered, instead coal upon wood Piles bitumi- 
nous coal, especially when lumpy, will stand almost vertically. 
determining the lateral stress, the vertical component due the 
weight the coal contained between the vertical wall the bin and 
the angle repose the coal, the lateral stress inversely propor- 
tional tothe angle repose. the Building and Dock Departments 
require the use lesser angle than the actual conditions demand, de- 
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Mr. Lamb. signers are compelled provide much more expensive structure than 
the so-called practical constructs successfully other cities. 
The foregoing facts, together with the rules prescribed the new 
Building Laws now effect New York City, impose heavy and 
unnecessary burden upon the coal trade. series tests with coal, 
like those made Mr. Goodrich, would permit the establishment 
standard data, which would justify the Building and Dock Depart- 
ment engineers lessening their requirements. 

The following formulas are used, one the leading coal-handling 
machinery firms, calculating the tabulated statement, shown 
their catalogue, giving horizontal pressures coal various eleva- 
tions, upon the sides coal bins. These formulas were not deduced 
from experiment, but are based entirely theoretical grounds. 
there are any errors, they are the side safety, many iron and 
wooden coal bins have been built, the calculations being made with 
these formulas. experiments were made, undoubtedly the angles 
slip would increased and the bins made the new formulas 
would less expensive. With coefficient safety the extra 
strains imposed frozen coal dropping, avalanche coal, 
would amply safeguarded. 


PressuRE COAL AGAINST VERTICAL RETAINING WALLS, 
PER LENGTH. 

Angle repose hard coal degrees. 

Weight coal per cubic foot 52.1 Ib. 

For Surface Horizontal.— 
weight the triangle,acb 


or, the pressure varies directly the square the depth, 


Vertical pressure 


Surface Slope Equal the Angle Repose.— 
weight the triangle, aeb 
2.1 


again, the pressure varies directly the square the depth, 


Vertical pressure 
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Hard Coal.— 
Total pressure for depth, 9.78 


Soft Coal.— 


Angle repose degrees. 


The speaker was recently engaged designing plant for handling 
the ashes and street sweepings Brooklyn trolley cars, and could 
find data giving the angle repose ashes and street sweepings. 
decided, tests, that with iron chutes the angle should not 
less than 30°, and designed car with 34° for the angle the floors. 
This car was not built, because was learned that Col. Waring had 
number scows built with angle about 32° for the floors. They 
were expected self-discharging, but proved failures. Sub- 
sequently, the writer constructed some buckets, about tons 
capacity, having trunnions and being designed dumped der- 
rick car and cableway. These buckets can turned upside down. 
From operating these buckets, has been observed that they will dis- 
charge the ashes when angle about degrees. the 
strength this information, the writer now designing car with 
mechanism for discharging these large buckets from the cars direct. 

Ashes are seen piled almost vertically. The lateral pressure 
ashes, especially when bound together with rags, and other matter 
the street sweepings, cannot determined any data available 
the books our profession, far the speaker has been able 
learn. 

Mr. Goodrich determined from his experiments the fact that the 
more finely material divided, the less the lateral pressure. 
stated, however, that considered that this deduction more 
theoretical than practical importance. the contrary, the speaker 
wishes emphasize the practical importance this very deduction. 
Had this matter been broaght the speaker’s attention before de- 
signing aud building large copper mining plant recently, would 
have designed the ore bins differently. Steel floors, atan angle 40°, 
were put in, and was found that the crushed quartz ore, from in. 
in. size, would slide down readily, but the very fine ore, 
size, would not move. water jet, extending across the bin, 
had supplied order make the quartz fines move down 40° 
floor. evident, therefore, that the finer the ore 
crushed, the less will its lateral pressure when confined bin, 
which what Mr. Goodrich proved his experiments. 
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LAKE CHEESMAN DAM AND RESERVOIR. 


Discussion.* 


Epwarp Am. Soc. paper shows that the 
Cheesman Dam has been well designed and built. will the 
highest structure its kind until the New Croton Dam shall have 
been completed. The profile the dam was determined the prin- 
ciple that the dam was resist the water pressure its weight 
alone, and the the plan the wall appears have been 
done principally obtain economical location, shown clearly 
Plate XVII. That this arching adds materially the strength 
the structure resist overturning, will admitted readily most 
engineers. 

Two dams have been constructed, which owe their stability solely 
the fact that they are curved plan, act horizontal 
arches, viz., the Zola Dam, France, and the Bear Valley Dam, 
California. The first these dams was built 1843 for supplying 
the City Aix with water. has maximum height about 
and top only the top and bottom the dam 
is, respectively, and ft. wide. The curved plan, the 
radius the crown beir.g 158ft. When the reservoir full, the line 


*Continued from May, 1904, Proceedings. See March, 1904, Proceedings, for paper 
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pressure the base falls 11.48 ft. outside the structure, which, mr, wegmann. 
therefore, would overturned, were not curved plan. 

The Bear Valley Dam, built 1884, has maximum height 
ft. 3.17 ft. wide the top and ft. wide the base. The 
plan the dam curved, with radius When the reser- 
voir full, the line pressure the base falls about ft. outside 
the dam. 

resist either solely gravity only arch. However, when 
both actions are assumed occurring the same time, and 
endeavor made calculate the relative resistance offered each, 
the problem becomes quite complicated. The French engineers, 
Delocre and Pelletreau, gave solutions* this problem, more less 
satisfactory. these must now added the solution Mr. 
Woodard, given the latter part the paper. 

applying mathematics this problem, are obliged assume, 
our present state knowledge, that the masonry the dam 
perfectly elastic, which causes the strains according uni- 
formly varying That this assumption, when applied 
masonry dam 150 ft. thick the base, may far from the truth 
recognized fully Mr. Woodard. While complimenting him the 
mathematical skill has shown dealing with this intricate prob- 
lem, the speaker questions whether any reliance can placed the 
results obtained formulas based such uncertain assumptions. 
Professor Rankine, his Report the Design and Construction 
Masonry reached the conclusion that there was such uncer- 
tainty trying calculate the resistance offered curved dam, 
due its weight and the arch action the same time, that recom- 
mended that dam always made sufficiently strong resist the 
water pressure gravity alone; and that, case narrow valley, 
the plan curved give some additional, though unknown, 
strength the structure. 

This exactly what was done the case the Cheesman Dam, 
and Mr. Woodard’s formulas appear have been after-considera- 
tion determine just how much resistance was offered the weight 
the dam and how much the arching, both being assumed act 
the same time. these formulas, however, are have their full 
practical value, they must considered sufficiently reliable enable 
actually reduce the profile gravity dam,” when curved 
plan. Probably few, any, engineers would willing apply Mr. 
Woodard’s formulas that extent. 

Mr. Woodard states that the usually accepted method deter- 
mining the profile dam resisting the water pressure gravity 


Annales des Ponts Chaussées for 1866, 1876 and 1877. 
See Jhe Engineer, January 5th, 1872. 
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alone simple and, with variations details, may found text- 
books and works masonry. Twenty years ago, when the calcula- 
tions for the New Croton Dam were made, this was means the 
case. The only methods that could found were those the French 
engineers, Sazilly, Delocre and Pelletreau, involving equations the 
fourth and sixth degree, and that Professor Rankine, for profile 
bounded logarithmic curves. All these engineers designed pro- 
files equal resistance,” e., profiles which the maximum press- 
ures the faces the dam were kept uniform limit. From this 
resulted profiles with curved faces. 

designing the New Croton Dam, the principle followed was 
limit the lines pressure, reservoir full empty, the center third 
the profile, allowing the pressures the faces increase gradually 
until they reached the limit safety, which had been assumed. 
Below this point the slopes the faces were increased keep 
the maximum pressures the limit safety. simple equations 
the second degree, the thickness the dam was calculated 
intervals ft. This gavea profile with polygonal faces, having 
many changes batter, for which, the final design, curves, 
few straight lines, were substituted. 

This method, which was first published 1887, the Report 
the Quaker Bridge Dam, the late Fteley, Past-President, Am. 
Soc. E., Consulting Engineer the Aqueduct Commissioners 
New York, and the following year, the speaker, book 
dams,* appears have been adopted the design most high 
American dams since that time. From some the details given 
the paper and from the general look the profile, the speaker con- 
cludes that the Cheesman Dam was designed the method just 
mentioned. 

Mr. Harrison has described the high rock-fill dam which was begun 
the site the Cheesman Dam and was destroyed Con- 
sidering the large cross-section which had given the rock-fill, 
evident that such could only justified when the 
cost cement delivered the work was very high, and would 
interesting know what the difference cost would have been 
between the rock-fill and the masonry dam. 

The details the outlet tunnels, valves, etc., show skilful engi- 
neering. 

The authors are thanked for their full description this 
important high dam, and for giving the profession Mr. Woodard’s 
method treating curved dam simultaneously horizontal arch 
and gravity section.” 


this paper thoroughly, from the speaker’s standpoint, that little 


The Design and Construction Edward Wegmann, Am. Soc. 
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more can said. would interesting, however, hear Smith. 
answer Mr. Kuichling’s question regarding the temperature strains 

the cracks from internal stresses the dam. This subject 

which great interest engineers the present time, several 

are studying what happening dams which have been built during 

the last eight ten years reference various cracks which have 
developed from one cause another. 

Measures have been taken ascertain the temperatures the 
Boonton Dam introducing number thermophones, from which 
the temperatures aré read during long period. These were 
put during last season, but the present time sufficient data have 
not been obtained from which draw conclusions. can only 
said general way that the temperature the interior the dam 
still falling, and has been falling steadily from the start. Thesecond 
point shown that matter what the the time 
the masonry laid, the ultimate maximum temperature the masonry 
isapproximately the same. The thermophones near the outside the 
wall indicate steady fall through the cold weather, and, soon 
the temperature changes the spring, they indicate The daily 
changes temperature seem have considerable influence the 
average temperature the dam, and, although the average monthly 
temperature falling steadily, the average daily temperature shows 
rise and fall following somewhat closely the changes the air. 


and valuable paper, presents clearly the essential details the 
design and construction great masonry dam. this respect, the 
author’s description leaves little desired; but, inasmuch the 
hydrology the watershed under consideration peculiar, and differs 
greatly from that drainage basins similar magnitude other 
parts the United States, has appeared the speaker that some- 
what more space might have been given advantageously the rainfall 
and run-off the South Platte River Basin. 

The author states that the maximum flood the river the 
site the dam only 945 cu. ft. per second, from area 
sq. miles. This the rate but 1.08 cu. ft. per second per 
square mile, which remarkably low when the rainfall statistics for 
Denver are considered. From the latter are found the following 
monthly maxima, inches, during years 


February....1.22 June October 
March.......3.10 July 1.93 
and from the much greater altitude the water-shed, the average 


elevation which about 000 ft. above the sea, may presumed 
that the precipitation somewhat more than Denver. 
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also found, from the hydrographical records the United 
States Geological Survey this region, that the river freshets usually 
occur May and June; and, the ‘run-off these months may 
readily amount the rainfall, follows that from the precipi- 
tation 8.57 ins. May, 1876, and 4.96 ins. June, 1882, run-offs of, 
respectively, 6.43 and 3.72 depth the water-shed might have 
occurred. Now, depth 1.0 in. run-off days corresponds 
average discharge about 0.9 cu. ft. per second mile, 
and maximum rate discharge during the month may easily 
twice the average, also follows that, the two months mentioned, 
freshets about and cu. ft. per second per square mile water- 
shed might have been expected. 

While these figures run-off are merely speculative, they are much 
less than has been observed from similar monthly rainfalls the 
streams which drain the mountainous regions the Eastern States, 
and hence more extended description the meteorology and physi- 
cal characteristics the drainage basin the South Platte River will 
add much the value the paper. may also noted that run- 
off equal depth the water-shed will fill the reservoir, 
and that such quantity may expected from the above-mentioned 
maximum precipitations for November, December and January. 

Another matter interest the author’s assumption that during 
the winter months the reservoir will never full, but will always 
low stage, that any thrust the dam due the expansion 
the ice the surface the neglected. further 
reason for not considering ice thrust the circumstance that rocky 
promontory few hundred feet above the dam will serve protec- 
tion against the push the ice, even though the reservoir may 
filled near the spillway level. 

From the meteorological data, however, seems the speaker 
very possible that the reservoir may become full during freezing 
weather, and may remain for few weeks the outlet valves are 
not regulated carefully they become disabled. this event, ice 
will form high level, and, its expansion when warmed the 
heat the sun during the daytime, considerable thrust will 
exerted against the dam. 

the magnitude the thrust which actually exerted the 
ice sheet reservoir, few data seem available. Some writers 
have considered that limited only the crushing strength the 
ice, which from 200 000 Ibs. per square inch, from 14.4 
72.0 tons per square foot, depending its quality and temperature; 
while others have taken the elasticity the ice into account, assum- 
ing modulus, varying from about 180 000 Ibs. per 
square inch, and rate expansion varying from about 
passing from 32° Fahrenheit. 
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Applying these latter figures the case sheet ice, 500 ft. Mr. Kuichling. 
wide between the dam and the rocky promontory mentioned, will 
found that the elongation will range from ft., from 4.0 
1.5 ins.; and 180 000, the compressive stress the ice will 
from 120 lbs. per square inch, while, 360 000, the stress 
will from 240 per square inch. this basis computa- 
tion, the probable stress ranges from per square inch, 
from 3.24 17.28 tons per square foot; and the ice assumed 
ft. thick, the thrust against the dam, accordingly, will from 
tons per linear foot. 

may also remarked that the consideration this question 
the Board Experts the projected Quaker Bridge Dam, the 
valley the Croton River, New York, recommended 1888 that 
provision should made for ice pressure 21.5 tons per linear 
foot the spillway level; and that, designing the large dam which 
soon built across the Scioto River near Columbus, Ohio, 
Samuel Gray, Am. Soc. E., adopted average ice thrust 
11.33 tons per linear foot. 

view the widely varying data relating the crushing 
strength, elasticity and rate expansion ice, the speaker 
ored, number years ago, deduce approximate measure 
the thrust extensive field ice computing the shearing 
resistance the masonry piers several highway bridges which were 
very short distance above certain The water above these 
dams usually had only slight mean velocity winter, but the dis- 
charge was then generally sufficient produce moderate depth 
thus allowing the ice below the bridge expand contract 
freely, while the long field above the bridge was held the piers and 
banks. 

all these cases the piers had remained undisturbed for many 
years, although the ice was seldom less than ft. thick midwinter. 
The weakest piers the series were 4.5 ft. thick, ft. long, ft. 
high above the usual level the ice, and ft. apart, carrying light 
iron structure the weight which did not exceed 550 per linear 
foot; hence the total weight resting the course masonry imme- 
diately below the ice was about 185000 lbs. The mortar was not 
strong, and had been partly washed out the joints, that high 
value for its shearing strength could not taken. Allowing 
per square inch for such shear and 0.6 for the coefficient friction, 
the total resistance the pier sliding becomes about 169 000 
per foot its thickness; hence, this case, the ice 
thrust was certainly less than 18.8 tons per linear foot; and, the 
total resistance computed with 0.7 coefficient friction includ- 
ing shear, the thrust will less than 14.4 tons per linear foot. 

All these computations for the ice thrust dams with vertical 
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backs are based data crude that the appearance better array 
observations becomes very desirable; and, view the importance 
the subject, earnestly hoped that those who have had the 
opportunity measure this force Nature will contribute our 
stock knowledge concerning it. 

Another matter interest the behavior the masonry the 
Cheesman Dam with regard changes temperature. The speaker 
was informed recently that during the past winter several vertical 
cracks made their appearance the upper portion the structure. 
this true, follows that the method computing curved dam 
considering elastic and continuous arch must modified. 


Am. Soc. (by writer has been 
greatly interested the second part this paper, relating the 
stresses developed curved dam, not only because has present 
was the Lake Cheesman site, but also because fell his lot 
few years ago direct, under Stearns, Am. Soc. E., 
study the merits and demerits the curved vs. the straight form 
for the Wachusett Dam, then proposed, and now being built the 
Metropolitan Water Board, Massachusetts. 

The studies were made similar way those now presented 
Mr. Woodard, but with fewer assumptions not borne out the facts. 
Unfortunately, the writer’s memorandum these calculations was 
destroyed fire some time ago, and what follows has been worked 
out entirely anew and, believed, with some improvement the 
methods then followed. 

Upon examining the methods followed the paper, will 
found that several assumptions approximations are made which 
not conform strictly the actual conditions. The writer believes 
that some these can eliminated without increasing very much the 
labor and with marked gain the advantages shown 
the curved dam. the case the Lake Cheesman project 
appears that the only purpose the analysis was justify the use 
profile when built asacurved dam. The errors occasioned 
the assumptions made, these were nearly all adverse the ver- 
tical beams, were the side safety, but they are misleading when 
applied the general question the curved vs. the straight dam. 
And here may proper emphasize the point, which attention 
has already been called the discussion this paper, that the 
straight dam only special case the curved dam, and that 
not possible, simply building dam straight, avoid the stresses 
caused the combination vertical with horizontal beams. The 
real point whether better build the dam straight, with the 
certainty that there will tensile stresses the horizontal beams, 
avoid all tensile stresses building the dam curve 
the site will permit the use short enough radius. 
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The approximations referred are these: Mr. 
1.—In ascertaining the deflections the vertical beams, average 
value the moment inertia was used for each different 
vertical section; 
2.—The the arch rings were computed due the 
constant radius the extrados the arches; and, most 
important; 
3.—The arch deflections were computed (a) there was hinge 
point the abutments, and if, even then, there were 
moment stresses the arch. 


illustration the errors resulting from this last assumption, 
and also illustration the advantage reducing the radius 
when can done, the results the computation two curved 
dams triangular section, No. radius 400 ft. and 
face batter 0.5477 0.30); and No. having radius 260 ft. 
and face batter 0.40, are given Table No. the first set figures 
resulting from the arch defiections obtained Mr. Woodard’s method 
and the second set resulting from deflections obtained treating the 
arches curved beams. both approximations noted above 
under ‘‘1” and have been corrected. Both protiles are supposed 
built triangular valley similar that sketched Figs. 
and 19, that is, with maximum depth water 180 ft. and chord 
width 500 ft., point below the water line, and with the 
contours opening outward, stream, found the same 
relative position the arcs the curved dams the straight line 
across the valley. The whole height has been divided into five arch 
slices ft. each, the example the paper. 


TABLE No. 
Profile No. 1........ 
rofile No. 


Table No. the total water pressure, pounds, considered 
concentrated the various joints; the part this load car- 


ried the vertical beam the center the dam, the 
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Mr.Shirreffs. ratio the distance the resultant pressure from the up-stream 
edge the joint the length the joint. (See also the arch 
Table No. 9.) 

will seen that the use the true arch deflections has con- 
siderably greater effect No. 2than No. lin reducing the eccen- 
tricity the resultant pressure beyond the third” the 
lower joints. entirely probable that the necessary modification 
either profile give reasonable top thickness will fully correct 
this eccentricity either. point attention may called 
the superior ability dam resist shocks, ice drift, 


for which top thickness necessary; especially respect the 
most dangerous these effects cold climate—the thrust field 
ice expanding bright, sunny day succeeding extremely 
cold night. probable that this superior ability will justify the 
use more masonry top curved dam than would 
used straight dam the same height, that, other words, the 
top thickness having been determined for straight dam, the curved 


dam may given lesser thickness the direct proportion the 
chord the 


7 
Rad. 
q 
120 Rad. 400’ 
4 
180 Water surface 
120 
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The volume Profile No. built the assumed valley, will Mr. 
200, and that No. 490, cu. yd., difference 310 cu. yd. 
favor the latter, about per cent. gravity profile would 


have face batter, being the ratio the weight ma- 


sonry that water. this, with Mr. Woodard, and 
has been done the above computations, 2.5, the batter the 
gravity profile would 0.63246. dam across the assumed 
valley with this section would contain 250 cu. yd., while the same 
section built radii 400 and 260 ft. the same valley would con- 
tain, respectively, 120 and 880 cu. yd. 

The economy the curved dam, however, must obviously de- 
termined specially for each situation. the Lake Cheesman site, for 
instance, dam was evidently out the question. appears 
from Mr. Maltby’s discussion* that radius 300 ft. was one time 
proposed for this dam, and from the contour plan (Fig. Plate 
would seem that radius short 260 ft. would have 
increased the top length only about ft. and the lengths below Ele- 
vation 150 (water surface Elevation 214) only about ft. 
average. The economy the curved dam 400 ft. radius, therefore, 
would have been about compared with section 
the same radius; while the curved dam 260 ft. radius would have 
saved, say, over the gravity dam the same radius and about 
27% over the curved dam the lonyer radius. 

the foregoing computations the dam with triangular profile was 
chosen because all the mathematics are simpler for this form. 
also the theoretical form for gravity dam well for arched 
dam, if, the latter case, considered that the arch elements 
carry all the load, and further assumed (which not very far 
from the truth) that the average normal stress all points 


making the first studies for any new situation will 
probably save time use the triangular profile for the first approxi- 
mations, afterward making the necessary modifications give the top 
width. The caution may here noted that instead 
adding the triangular form parallel top there should added 
only moderate top width, with change the batter for consider- 
able distance. Ifa considerable top width added the triangular 
profile the result will negative loads the vertical beams toward 
the top, giving tension the upper joints the down-stream face. 

Passing now detailed description the modifications proposed 
the methods used Mr. Woodard, these will taken the 
order which they are noted above. 


Proceedings, Am. Soc. E., for May, 1904. 
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First.—The following method 


proposed obtain the deflec- 
tions, under the action series 
concentrated loads, beam 
having varying moment in- 
ertia, but constant thickness 
1.0. necessary that the beam 
limited straight lines be- 
tween the load points. 
the notation shown Fig. 20, 
and, addition, the following: 
length; 
joint; 
e=distance 
axis extremity 
joint; 
all loads 
above joint 
joint; 
due 


modulus elasticity material (in compression) 

radius curvature deflected beam; 

deflected beam any load point, having reference 
only the portion the beam between that load and the 


one next below; 


all loads above that portion; 


D,, the total deflection beam any load point: 


have, generally: 


6= 


EI dx 


p 


But (referring for the present only the beam triangular 


profile), 
therefore, 
d4 = 12M (e«—h) (1) 
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FIG. 


Papers.] DISCUSSION: LAKE CHEESMAN DAM AND RESERVOIR. 651 


But can write and therefore, 
The reduction and integration the resulting equations being 
quite simple, these pages will not cumbered with anything except 
the final results. After obtaining the values and tan. these 
must cumulated follows for 
4;; 
and on, will appear from Fig. 20. 


Mr. Shirreffs. 


3 

2 


Log. 


Assigning the value, 30, the above and the Cheesman 

Dam examples, have after cumulation 

Before the arch equations can combined with the beam equations 

foregoing method beam irregular profile, but which can 
bounded straight lines between the load points, only necessary 
remember that for each beam section there will now different 
origin for and different value for For example, the bottom 
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Mr. section the beam have joint length the top and the 


bottom, with still 30, the origin will the second load 
point (see Fig. 20), and the value will 0.60. There should now 
and after the substitution these values the general equation (1), 
and its integration and reduction, there will result, 

while the triangular profile No. with 0.40 have 

next necessary modify the results derived for the beam 

constant thickness suit the case the beam comprised between 
radial planes ft. apart the up-stream edge the dam. will 
readily seen that the elementary deflections will vary inversely the 
moments inertia the rectangle having the height, and base 
1.0 and trapezoid having the same height and base 1.0, but 


being the joint length and the radius the 


R 
up-stream face The ratio these moments inertia 

introduce this value Jin the equations for and tan. 
would result forms very difficult not impossible integration. 
The obvious approximation multiply the individual deflections 
and deflection angles the reciprocal obtained from the joint 
length the middle the section under consideration, before 
cumulating the individual results for the test com- 
putation shows that the error this approximation than half 
the base Dam No.1. will diminish, course, toward 
the top, while will somewhat greater for lesser radius. 

Before leaving this branch subject may remarked that 
have, for the triangular profile, the following simple formulas, 
which aid rapid computation. Let the volume and the weight 
vertical slice the dam contained between radial planes ft. 
apart the up-stream face, the distance its center gravity 
from the same face, the distance from the vertical through the center 
gravity the point the base where the resultant pressure 
strikes, the total moment all loads above the base, the unit 


weight the masonry, and for the remainder the notation already 
used. 


Therefore: 


7 
bd 
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Second.—The error resulting from computing the arch deflections Mr. 
due arch having the radius the extrados, instead using 


the radius the axis, will corrected the general solution the 
deflections the curved beam, which follows. 

Third.—The following offered solution the problem ob- 
taining the movements and stresses arch subjected uniform 
normal radial load. the resulting equations are very much 
simpler and easier application than the equations for the circular 


arch, under whatever load, found the textbooks, the methods 
and results are given some detail. 


/ 
i 


| 
| \l 
| 
Imagine the segmental arch, which (Fig. 21) one-half 
equivalent, imagine the abutments upon which the arch rests 
frictionless, then, under the unit loading, producing shortening, 
the original length, the radius the arch will reduced 
proportionate amount, and the half arch will move the new 


position, 4-5-6, which position will perfect equilibrium, 
with axial stresses all points but without internal moments. 

Now imagine the arch severed the crown, the right. half 
being replaced crown thrust and the half arch then 


moved outward until Point again coincides with Point but with- 
out disturbing the perpendicularity the axis the skewback. 
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The center the arch will now instead Point will 
the position Point the horizontal distance, from the ver- 
tical through the middle the span and the vertical distance, 
below the original crown the arch, but the crown joint will still 
vertical. The arch will assumed have width, and thick- 


and 


point distant degrees from the crown shall have 4,: 
and, therefore, 
4. = “EL (1 — COS. a,) were (6a) 


order now that the integrity the arch restored, neces- 
sary: 

First, that the crown thrust, diminished that, under the 
joint action such diminished thrust and the loads the half arch, 
the curved beam, 1-2-3, considered fixed the abutment, shall 
through the horizontal distance, and 

Second, that the crown joint, which will have been deflected this 
movement through the angle, shall again made vertical its 
new position, which can only accomplished the application 
thereto amoment, M,. the original crown thrust, just holds 
the arch equilibrium against the action the loads, the first move- 
ment will identical with that caused the action force, 
applied the crown, equal the necessary diminution and 
acting, therefore, toward the right. The total movemeut the arch 
any point will obtained combining the movements produced 
and with those resulting from the axial stress. 

Neglecting the slight reduction the compression the arch 
occasioned diminishing the amount, obtain the value 
must the general expression for the deflection 


Integrating this expres- 
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sion, between the limits and and equating the result with the Mr. Shirreffs. 


Now the moment, must cause the same angular 
the whole beam the force, 


thus getting, 


the equation for angular 


d p = (1 — COS. da da 
Integrating both expressions for between che limits and 
and equating the results, have: 


This can readily combined with Equation and the result is: 
72 . 


obtain the movement the arch under the combined action 
and have substitute again the general equation 


both cases, sin. for and for and remembering 


that the movement produced the opposite direction that 


The radial component this movement (the arch deflection which 
curved dam will produce stresses the vertical beams) 


2 


substituting the values and derived from Equations 
and get 


which has the general value given Equation 
cos. 
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Mr. Shirreffs. When and therefore the value Cis simpler terms, 


sin. 
and again, for the semicircle, since then 


| 2 sin. ao 

(1- 
CC—.=- 


aor 
sin. 2g 


1.30 


+ cos.dg—4 


Value 


30° 40° 50° 60° 70° 80° 90° 100° 
Value 


The diagram, Fig. 22, prepared accordance with the foregoing 
formulas, will enable the coefficient for the total crown deflection 
(embracing both the effect and and the axial stress), 

with reasonableaccuracy. The form Equation not permit the 
general value diagrammed, except for fixed value 
a,. 

should remarked here that, all the deductions have been 


obtained inspection for arch any angle 


based upon the assumption that the axis the arch loaded with 


1.40 
0.90 
C 
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per unit length, necessary insert all the equations, not Mr. 
the value exists the extrados the arch, but this value 
multiplied the ratio the radius the extrados the radius 
the axis. may also noted that desired obtain the 
stresses any point the arch, will usually close enough 
combine with the axial stress, the stresses compression ten- 
sion produced the moment, The force, may usually 
neglected, has been deriving the above formulas, quite 
small comparison although very flat arches will 
necessary take the effect into account. considered 
necessary embrace the effect upon the arch compression 
the formulas, they may become considerably more complex, but will 
yield then smaller values and therefore than the fore- 


going. The moment any point, degrees from the crown, 


sin. 
q — COS. 
sin. 


becomes there point contrary flexure the curved 

beam used arch undera uniform radial load, when cos. 


crown. 


Mr. Woodard’s formula for obtaining the crown deflections, re- 
duced the notation thus far used herein, is, 
and further assumes that intermediate deflections will propor- 
tional the angular distance from the crown. Table No. compares 
the deflections thus obtained arch having 74° (Arch No. 
Profile No. Table No. with the deflections the same 
arch considered curved beam, the coefficients requiring mul- 


2 
tiplied both cases obtain the actual deflections. 


TABLE No. 

1.298 0.888 0.722 0.488 0.211 
Ratios CC, 0.678 0.588 0.172 
1.714 1.871 1.028 0.686 
Ratios 0.600 0.400 0.200 
0.61 0.70 0.70 0.61 
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will seen that, although the deflections the curved beam 
are all points much less than those resulting from the approximate 
method, there great departure from proportionality except near 
the crown. will interesting, also, note the division the 
total load between.the arches and intermediate beam. The follow- 
ing figures refer the beam Profile No. which situated 29° 36’ 
from the crown, the notation being that used before. 


0.577 0.743 0.872 


Comparing these figures with those given the latter part 
Table No. will seen that the intermediate beams carry 
greater proportion the load than the middle beam; other words, 
the the shorter beams are reduced more rapidly than 
the deflections the arches. This change the condition the 
arch load from perfect uniformity, course, will have tendency 
toward readjustment all and loads. would have 
been interesting, the writer least, time had permitted the 
working out profile with practical top width and also such 
avoid tension all points, but this has been impossible. 

all that precedes, the investigation the problem the curved 
dam has been conducted upon the supposition that the various arch 
slices, into which the dam divided for calculation movements 
and stresses, are perfectly free move relatively each other, and 
that only part each became turn part some vertical 
beam would there composite action the masonry the dam. 
But the several arch slices are not free move relatively each 
other; they react each other such way prevent the full 
shortening under the axial stress due the load which actually 
carried them. This third composite action the masonry 
virtually brings into play second set vertical beams, resisting 

movement this time the direction the axis the dam, instead 
transversely this axis, and resisting more effectually, too, than 
the transverse beam can, because each axial beam, the dam built 
triangular valley, reacted upon beam diminished height 
and therefore greater power resistance. But even the case 
dam the bottom which should level throughout until the com- 
mon vertical abutment all the component arches was reached, 
case scarcely met practice, the axial beams would still exert 
restraining force the movement the upper arch slices. The 
effect this second set vertical heams must transfer the 
effect average axial compression, and therefore deflection 
each upper arch slice, some portion the load this upper 
slice lower one, but point nearer the final point support. 
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other words, every load upon dam into three 
parts, one part passing through horizontal arch its abutment, 
another part the aid the vertical axial beams into the abutment 
some lower arch slice, and the third, and probably arch 
moderate radius, least regards the loads near the top, much the 
smallest part, through the transverse vertical beams into their 
foundation. 

While may not possible submit this very complicated 
action the several resistances the masonry the curved dam 
satisfactory mathematical analysis, there can doubt that the 
resistance last referred plays very important part the stability 
such structures. the writer’s opinion, accounts entirely for 
the existence the present time the Zola Dam France and the 
Bear Valley Dam the United States. The former, built 1843 
and curved radius 158 ft., has height 120 ft. and base 
ft. while the latter, built 1884, curved radius 
335 ft., and only 8.42 ft. thick point ft. below the water 
line the latter structure, especially, computation 
the method herein first discussed would undoubtedly show the exist- 
ence large tensile stresses over probably the entire base. While 
the consideration the axial vertical beams may not warrant the 
adoption profile which shows such stresses when thus computed, 
should certainly inspire confidence one free from tension when 
thus analyzed.* 

the effect temperature changes, unfortunately, there are 
few data with which work. There for instance almost entire 
lack information the penetration into the body massive 
masonry structure the effect the exterior seasonal changes. With 
the facility afforded electrical methods for measuring such effects, 
desired that every engineer who builds such structure 
the present time should make the inexpensive preparation required 
observe this manner the temperature changes the interior 
the mass. The writer believes that where radius short enough 
develop the economic advantage the curved dam can adopted 
(and this seems require radius not much greater than 400 ft.), 
there need anticipation that temperature changes will operate 
the injury the structure. 

may interest call attention the only case, within the 
writer’s knowledge, where the movements masonry dam have 


been actually observed. The case that the dam Remscheid, 
Germany, built Professor Intze, the results such measurements 
being reported him the Zeitschrift des Vereines deutscher In- 
The above was written before reading the remarks Mr. Frizell, Proceedings, 

Am. Soc. E., for May, 1904, 495, discussing the same point. allowed 


Stand, least emphasizing, and perbaps making little clearer, the action which 
Mr. Frizell calls attention. 


4 
- 
2 
q 
4 
4 
At 
i 
rt. 


Mr. Shirreffs, 


Mr. Wisner. 


660 DISCUSSION: LAKE CHEESMAN DAM AND RESERVOIR. [Papers. 


genieure for 1895, brief abstract this article was given Engi- 
neering News January 30th, 1896, and the following quoted 

measurements have been made ascertain the radial 
movements due variations pressure and temperature. 
The former have caused the greatest movement the ins. 
—while symmetrical points between the center and the wings the 
observed movement was in. The greatest effect dueto temperature 
changes was observed during very hot and dry summer upon the 
curved surface, and was in. onone side the dam against only 
the other. This unsymmetrical action explained the fact 
thatthe former was while the latter was largely pro- 
tected against the influence the sun. The author believes that 
the dam had not been curved these certainly have 
produced 


may added that the dam was about ft. wide the top and 
wide the bottom where the height was greatest (about ft.), 
the down-stream face curving vertically between these points. The 
horizontal radius the up-stream face the top was 410 ft. 
interesting compare the actual movement this comparatively 
low dam with the deflection only in. which Mr. Woodard computes 
for the Lake Cheesman Dam, assuming 000 000 Ib. per sq. in. 

concluding, the writer desires acknowledge the valuable 
assistance rendered him Mr. Moore verifying many the 
deductions and computations. This assistance was the more appre- 
ciated because was rendered through love for his profession. 


Am. Soc. (by letter).—The work dis- 
cussed this paper particularly interesting the present time, 
for the reason that number dams are likely constructed 
the near future, under somewhat similar natural conditions, for the 
storage flood waters for irrigation purposes the West; and 
especially the structure, completed under the present Chief 
who designed and supervised the work, and the contractors who con- 
structed it, may well feel proud. 

Many the large undertakings recent years have been criticized 
severely for faulty construction, both design and workman- 
ship, that refreshing have actual example completed 
work every way superior that called for the plans and specifi- 
cations under which was built. 

regard the rock-fill dam, originally proposed for this project, 
the structure would doubtless have answered the purpose for which 
designed could have been completed before being subjected 
flood overflow, but, from professional point view, the dam, 
completed, better designed meet the natural conditions and 
give satisfactory results. 

Knowing the inevitable result permitting heavy flood flow 
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over the unprotected top partially completed rock-fill dam, Mr. Wisner. 
somewhat surprising that greater precautions were not taken. 

the case rock and earth-fill dam, ft. high, soon 
constructed the Snake River, Idaho, the plans provide for by- 
pass around one end the dam such dimensions will take care 
the flow during construction. This by-pass, afterward, will 
closed regulating gates, for emptying the reservoir, and thin, 
reinforced concrete, arched dam resting the gate piers and abutting 
against the side walls the by-pass. 

stated the paper that balance valve was placed the 
entrance the lower tunnel, for the purpose regulating the out- 
flow, which valve description given. 

well-known fact that many the devices known balance 
valves not work such actual practice, and, the writer 
informed that the one question has never been operated, would 
interesting know its construction, and whether likely 
meet the requirements. 

inferred from the statements the authors that the arch type 
dam was adopted for the reason that such type was better adapted 
for the site than straight dam, and was more expensive, rather 
than from any expected additional stability derived from such 
form. However, appears from the very interesting analysis the 
stresses the dam, given Mr. Woodard, that the top the dam 
the arch carries nearly half the load, half way down and nothing 
the bottom. 

When considered that the lower 100 ft. this dam practi- 
cally immense wedge masonry held firmly position the solid 
granite the canyon walls, preventing any tendency slide over- 
turn, probable that this arch really takes care much larger 
percentage the stress, which would otherwise transmitted the 
foundation, than shown the analysis. 

assumed the analysis that the modulus elasticity the 
same for the vertical sections the dam the horizontal rings 
used computing the pressures the side walls through 
the arch. the mid-stream vertical sections the dam, the concrete 
aud granite boulder masonry constitutes the greater portion, while, 
for the upper third the dam, where the arch most effective, the 
granite masonry faces greatly increase the average modulus over that 
the vertical section. The writer strongly the opinion that 
analysis the probable stresses the structure, made with approx- 
imately correct moduli for the vertical and horizontal sections, would 
show the stability much greater than stated the authors. 

localities having wide range temperature exists 
most the Western States, the stresses developed dams from 
changes temperature may, under certain conditions, exceed those 
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arising from the water pressure the face the dam; and, where 
reservoirs are likely remain only partly full for long periods, the 
use steel the upper portion the structure precaution 
worthy the case straight dam, the 
tensile strains from change temperature may reduce the stability 
that the theoretical section generally used designs for grav- 
ity sections, which, with the uncertain characteristics the mate- 
rials used, cannot considered safe. the case the proposed 
Salt River Dam, Arizona, the upper 100 ft. the dam will re- 
inforced with steel, and, additional precaution. the masonry 
that portion the dam will put only when the tempera- 
ture below the average for the year, either normal 
compressive stresses for most the time. 

During the excessively cold weather the winter 
vertical temperature crack, some ft. long and in. wide, breaking 
directly through the solid granite face stones, developed the Chees- 
man Dam, which closed and nearly disappeared when the weather 
moderated. straight dam, with full reservoir, such crack 
would have been likely develop leaks and, possibly, have endan- 
gered the structure, but, the arch dam Cheesman, did prac- 
tical damage whatever, the crack only extending short distance from 
the face. 

Taking into consideration the natural conditions the site the 
Cheesman Dam and the design adopted, probable that mid- 
stream cross-section with base two-thirds that used, would have 
been absolutely safe—in fact, the only indication seepage that 
shows, with 100 ft. water against the face the dam, through 
the narrow granite point against which the north end the dam 
abuts. 

the arch type dam, such that described, probably true 
that the rigidity the structure will prevent from acting theo- 
retical arch, but, since the transmission stresses through the struc- 
ture, either vertically horizontally, pre-supposes distortion, 
practically self-evident that the stresses from water pressure the 
face the dam will distributed the side walls the arch, 
well the foundation the bending movement the mid-stream 
vertical section—the amount which will depend upon the design 
the dam and the nature the materials which con- 
structed. 

The substitution granite masonry spillway for one the 
natural rock the granite point the north end the dam has 
strengthened the structure and improved its appearance. The com- 
pleted dam probably the best example modern dam construction 
the United States, and well worthy visit engineers inter- 
ested work this class. 
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Epwin Jr., Am. Soc. (by year Mr. Duryea. 


ago the writer had occasion design masonry dam for site 
especially favorable the arch type. Economy made this type 
desirable, while the presence the same State (California) such 
successful examples the Bear Valley, Sweetwater and Upper Otay 
Dams made especially advisable use the arch type could 
shown investigation theoretically justifiable. investiga- 
tion, therefore, was made with some care, order furnish definite 
grounds for the acceptance rejection this type. 


Cantilever Beam 


NOTE: 

The dotted lines indicate the eleven arch laminae 
which were investigated; the % being in each case the 
middle point of the lamina, or the point A the deflection 
of which was determined bob for arch action and for 
cantilever action. 


Scale of Feet 
| 
0 50 100 200 


24. 


The structural plan investigated shown Figs. 23, and 25, 
the principal dimensions being length 440 ft. the crest, 
maximum height 126 ft., vertical up-stream face having radius 
200 ft., and the down-stream face battered horizontally in. 
vertically. This profile, the entire water pressure assumed 
carried arch action alone, gives, throughout the dam, nearly 
uniform arch stress about 124 tons per sq. ft. arch section. 
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The investigation was made the same general lines given 
this paper, and, while not exhaustive, showed conclusively that, for 
the structure and conditions assumed, only small proportion the 
total water pressure could borne arch action until after sliding 
giving, develop this action, had occurred several horizontal 
planes, and especially the base the dam. 

The computed proportions the total water pressure which could 
borne arch action before such sliding occurred vary irregularly 
from about 16% near the crest the dam zero the base, the 
average twelve points equidistant vertically being about per cent. 
These proportions are shown detail Fig. 29. They are only 
approximations, being each case for the middle point only the 
horizontal arch lamina question, but, least, they show conclu- 
sively that (unless sliding has occurred) only small amount 
assistance carrying the water pressure can expected from the 
arch form. arch action, justifying section thinner 
than gravity section, therefore, was reluctantly abandoned. 

seems self-evident the writer, however, that the gravity 
section should built arch form whenever practicable, 
dam arched plan will generally cost but little, any, more than 
straight dam equal section, and, case failure the gravity 
section, the arch action will developed and will all probability 
prevent collapse the structure. 

Rough approximate estimates the cost dam the site 
question were made five plans, follows: 

Percentages. 
1.—Gravity type, arched plan....$340000 100 152 136 
section, arch type... 230000 103 


3.—Arch type, described.......... 223000 100 
4.—Rock-fill dam ..... 330000 148 132 
5.—Buttress 250000 112 100 


The gravity type referred Wegmann’s practical profile No. 
The Sweetwater section that the Sweetwater Dam extended down- 
ward for greater height differences. The rock-fill dam ft. 
wide the crest, with up-stream slope 1:1, and down-stream 
slope horizontal vertical. The buttress dam was composed 
eight semi-circular arches supported buttresses ft. apart, 
center center. The minimum thickness these arches was ft., 
increasing ft. the lowest point the dam steps the 
down-stream face, the up-stream face being vertical. The buttresses 


were ft. thick the top and increased steps both sides 


ft. thick the base the highest buttress. 

making these comparative estimates, the same price per cubic 
yard masonry was assumed for Types Nos. inclusive. The 
price per cubic yard assumed estimating the rock-fill dam was one- 
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nection with the buttress dam was 30% excess that used for 
Types Nos. The high comparative cost the rock-fill dam 
due mainly its bottom width being greater than the length the 
narrow gorge forming the dam site, thus allowing great spread 
the base the rock fill. The estimated cost the buttress dam 
relatively high because was not practicable locate entirely 
the narrow dike, could done with Types Nos. 

all five types considered, floods were taken care 
liberal spillway, east the dam, through the natural rock. 

From the five plans compared, the buttress type was chosen be- 
cause its comparatively low cost, conjunction with the fact that 
strict analysis justifies the structure safe one. This plan was 
thoroughly investigated, and full stress sheets and drawings were pre- 
pared. The maximum allowable stress the arches from water pres- 
sure was fixed tons per sq. ft., and that the buttresses, from 
combination water pressure and weight masonry, tons per 
sq. ft. The maximum allowable shear the buttresses was fixed 
tons per sq. ft. The buttresses were proportioned keep the 
resultants horizontal and vertical forces within the middle thirds. 

While the buttress design proposed for this dam lacks conserv- 
atism, being higher than any buttress dam yet built, other valid 
objection can made except the possibility very remote one, 
even California) its injury earthquakes. such climate, 
possible injury can occur from the expansion impact ice. 

some locations, the writer believes that the buttress type will 
give dam, not only much lower cost, but, addition, much safer, 
than will the Wegmann This section seems gen- 
erally regarded safe without question. makes provision 
against uplift, however, and the possibility uplift certainly often 
exists. the site described the writer the foundation hard, 
sound rock, giving opportunity for such good junction with the 
bed-rock would leave little chance uplift. site the only 
buttress over gravity dam, therefore, would 
its saving cost. another dam designed the writer, how- 
ever, about ft. high and having pass floods possibly ft. 
depth over the full length its crest, the foundation was 
rather soft serpentine. this case the writer believes that buttress 
dam, with its practical freedom from possibility uplift, would 
not only much less costly than Wegmann section, but also much 
safer. this buttress design the up-stream face was made sloping, 
6.4 vertical horizontal, with the down-stream ends the but- 
tresses vertical. was proposed strengthen both the curtain and 
the buttresses with expanded metal and rods, though, the compu- 
tations for strength, account was taken this metal. 


quarter that for Types Nos. while the price assumed con- Mr. Duryea. 
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the following are given the assumptions and formulas which 
were computed the proportions water pressure which could 
borne the arch action the structures shown Figs. 23, and 
25. were developed and the computations made 
Wing, Assoc. Am. E., who also made the computations 
and drawings for the two buttress designs mentioned. 

masonry dam, any point, Fig. 23, deflected down 
stream the water allowed rise the top. anarch-type dam, 
the displacement the point, corresponds the same time the 
deflection cantilever beam unit length along the dam between 
two transverse vertical sections, and the deflection arch 
lamina unit height the dam between two horizontal planes. The 
cantilever beam caused the bending moments 
induced that portion the water pressure carried cantilever 
action, and the deflection arch due the arch contraction 
caused the uniform thrust induced that portion the water 
pressure borne arch action. vertical cantilever beam and 
horizontal arch lamina are shown dotted lines Fig. 23. 

The total water pressure the dam will shared between the 
two systems, arch and cantilever, directly proportion their 
respective rigidities, inversely their deflections. If, for any 
point, assumed dam section, equations developed (1) for 
the defiection the vertical cantilever beam, and (2) the horizontal 
arch lamina, each case terms the total unit water pressure (or 
weight per cubic foot water), relation between the proportions 
carried each way will obtained, and the amount each propor- 
tion may determined. The computations, best, were very com- 
plex and tedious, and, for simplicity, the points, were taken the 
centers only the corresponding arch The method used 
could have been applied other points each arch lamina, but the 
computations would have been still more complex, and, for the infor- 
mation sought, seemed unnecessary so. 

Assumptions.—The cantilever beams were assumed fixed 
direction the base, with planes before flexure still planes after 
flexure. The arch were assumed two-hinged, change- 
able direction each bank. These two assumptions are contra- 
dictory, and both tend reduce the apparent proportion pressure 
carried arch action. They were used for simplicity, however, and 
being sufficiently exact for the end sought. 

Nomenclature.—(See Figs. and 27). 

1.—Vertical section through the point, 

Let height dam from base (below crest; 
height from base dam any horizontal section; 


7 


Papers.] DISCUSSION: LAKE CHEESMAN DAM AND RESERVOIR. 667 


2.—Horizontal section through the 
point, 
Let horizontal 
arch lamina before 
being shortened 
pressure; 

zontal arch lamina 
before being short- 

ened pressure; 
zontal arch lamina 
before pressure ap- 


Mr. Duryea. 


HE 


plied; 
zontal arch lamina 26. 


after pressure applied; 
horizontal arch lamina due proportion 
water pressure borne it; 
total shortening chord, /,, due the thrust, 
3.—Water pressures: 
62.5ths) which will borne gravity action; 
proportion the unit weight water (number 
62.5ths) which will borne arch action. 
4.—Compression masonry: 
sq. in. 
The value the 
modulus elasticity 
masonry very 
variable 
tain, and, therefore, 
would much better, 
theoretically, elimi- 
nate this quantity 
from the final equa- 
tion. This was not 
done, however, but 
appears both terms 
the equation, and its 
effect, will seen 
later, thus practi- 
cally eliminated. 


27. 
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Development Equation.—By the ordinary theory flexure, the 
deflection, any point, vertical section the dam unit 
length (along the crest), acting cantilever beam and subjected 
that proportion the total water pressure which can borne 
cantilever action, will given the formula, 


for the section under consideration. 
This formula derived follows: While, theoretically, the 


formula may not exactly correct, the results obtained from 


must very close approximation. 

The differential equation Unit length 

the elastic curve 

where moment the ex- 
ternal forces; 

inertia 
the section 
beam. 

The cantilever beam 
formed transverse section 
the dam, unit length 
(along the crest), and shown, 
with the water pressure acting 
upon it, Fig. 28. 

The moment the forces 
acting above any section, 
linear units from the bottom, 


where the weight cubic unit water. 


The moment inertia the rectangular horizontal section 


breadth height’ 


height 


and 
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Integrating, 

and again, (C, 0), 


Replacing the symbol for deflection, and k,, the propor- 
tion the water pressure borne cantilever action, the equation 
becomes, 


a 


The deflection the 
horizontal arch lamina 
the point, more 
difficult obtain. 
approximate determina- 
tion the deflection 
the center flat arch 
may made follows: 

Assume the 
the length the 
chord, (Fig. 27), the 
length becoming after 


Percentage of Arch Action 
Percentage Gravity Action 


then 
and, since the arch lamina unit thickness vertically, 
e= 


The thrust compressive force any arch lamina, will 
caused the water pressure, x), that lamina, and will 
Therefore, 


Mr. Duryea. 
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and 


s? s? 


The point, material point and can have but single deflec- 
tion any onetime. The deflection in-the arch lamina this point, 
therefore, must necessarily the same that the cantilever 
beam. Then, 


and substituting values and y,, 


Substituting this equation the values and and replacing 
follows: 


= 


which gives, after simplification, the final equation, 


After the selection any particular arch lamina, the only unknown 
quantity this equation k,, the number pounds per cubic 
foot water which can borne arch action. 
The solution this equation involved great amount labor, 
seven-place logarithmic tables were not sufficiently accurate give 
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correct results, and was found necessary make the computations mr. Duryea. 


ordinary multiplication. The proportions borne arch action 
were computed laboriously this method for three arch the 
data and results being given Table extended investigation* 
arch dams then came the writer’s attention, and, formula 
for arch deflection found therein, the proportions borne arch 
action, the cases the three already investigated and 
eight others, were computed few hours. 


Numbers PERCENTAGES. 
arch 


the longer method, 7.4, 8.8 and 0.06 for Nos. 11, respectively. 


The formula question may found page Vischer and 
Wagoner’s paper, and follows: 
which 
total shortening under the arch pressure half the 
arch lamina; 
the the center point the arch lamina; 
one-quarter the total angle (in terms the radius) sub- 
tended the arch lamina. 
From the theory compression elastic bodies, 
where the vertical thickness the arch lamina unity and the 
nomenclature before, except that now represents the half 
length the arch lamina instead the length the half chord. 
For the profile being investigated, 


and 


*Vischer and Wagoner, the Strains Curved Masonry Dams,” Transactions, 
Tech. Soc. Pacific Coast, Vol. VI, Dec., 1889, pp. 75-151. 
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Therefore, 
but 


expression for the deflection the center point arch 
lamina. 
before, the deflection the same point, terms the deflection 
vertical cantilever beam, 
500 


The the arch lamina and that the cantilever beam 
must the same. 


125 


this formula the proportion the total water pressure carried 


arch action was computed for eleven arch and the results 
obtained are givenin Table No. The close correspondence between 
the values computed the two methods notable, and seems 
check, not only the correctness the methods and computa- 
tions, but also show that the choice (in connection with the longer 
method) value for the modulus elasticity masonry has but 
small effect the resulting computed proportion arch action. 

The method Messrs. Vischer and Wagoner, course, much 
preferred, both theoretically and practically. Their valuable 
study arch dams seems too little known the profession. 
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MINUTES MEETINGS. 


THE SOCIETY. 


September 7th, 1904.—The meeting was called order 8.45 
Schneider, Am. Soc. E., the chair; Chas. Warren 
Hunt, Secretary; and present, also, members and guests. 

The minutes the meeting June 1904, were approved 
printed the Proceedings for August, 1904. 

paper, entitled Installation Pneumatic Pumping 
Plant,” Arthur Diamant, Jun. Am. Soc. E., was presented 
the author. written communication from Elmo Harris, 


‘Am. Soc. E., was presented the Secretary, and the subject 


was discussed Edward Wegmann, Am. Soc. who illus- 
trated his remarks with lantern slides. 
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second paper, entitled ‘‘Some Notes the Creeping Rails,” 
Samuel Tobias Wagner, Am. Soc. E., was presented the 
author. Written discussions this paper, Messrs. Gustav 
Lindenthal, Camp, Stevens, Hunter McDonald and 
Dudley, were presented the Secretary. 

Ballots for membership were canvassed, and the following candi- 
dates elected: 


MEMBERS. 


ALBERT Kansas City, Mo. 
Brapy, Parkersburg, Va. 
Rincon Antonio, Oaxaca, Mexico. 
FREDERICK REGINALD Santa Barbara, Cal. 
Harry Cleveland, Ohio. 

Ernest Morr, London, England. 

Vienna, Austria. 

Mason Philadelphia, Pa. 


MEMBERS. 


Henry North Yakima, Wash. 

SHERMAN WORCESTER BowEn, St. Louis, Mo. 
Fall River, Mass. 

New York City. 

Jr., Hilo, Hawaii. 

Joun Cincinnati, Ohio. 

LAVELLE, Ambridge, Pa. 

Rosert New York City. 
Harry SHERWOOD McCurpy, Boston, Mass. 
Henry Gorton New York City. 

South Framingham, Mass. 
Harp THompson, Syracuse, 
Borisson Philadelphia, Pa. 
Jr., Bingham, Utah. 


ASSOCIATE. 


Joun ALEXANDER Topeka, Kans. 


d 


Affairs. MINUTES MEETINGS. 309 


The Secretary made the following announcements: 
The transfer the following candidates, the Board Direc- 
tion, September 6th, 1904: 


ALDEN, Steelton, Pa. 

ANDREW ALLEN, New York City. 
Henry Brace, New York City. 

Joun THompson New Orleans, La. 
BLEECKER GREEN, Detroit, Mich. 
Van San Juan, Porto Rico. 
Horrmann, Cleveland, Ohio. 

APPLETON New York City. 
Emit South Bend, Ind. 


The election the following candidates, the Board Direction, 
September 6th, 1904: 


JUNIORS. 


NATHANIEL TOWNSEND Galveston, Tex. 
TARBELL San Francisco, Cal. 
Errzen, Columbia, Mo. 
Henry Fox, Cambridge, Mass. 

New York City. 

CLEMENT Galveston, Tex. 

Bacon Jr., Louisville, Ky. 

Kaun, Milwaukee, Wis. 

Frank St. Louis, Mo. 


The Secretary announced the following deaths: 

Curtis elected Member, September 6th, 1871; died 
April 30th, 1904. 

elected Member, December 1879; died June 
1904. 

elected Junior, July 2d, 1890; Associate 
Member, September 2d, 1891; Member, December 5th, 1894; died June 
13th, 1904. 

elected Member, June 6th, 1883; died July 
1904. 

Norton GREENE, elected Member, October 5th, 1887; died 
August 10th, 1904. 
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GEORGE CLINTON GARDNER, elected Member, November 3d, 1875; 
died August 12th, 1904. 

ANDERS GEORG BERGENGREN, elected Associate Member, 
December 2d, 1896; died August 8th, 1904. 


The Secretary announced the details the entertuinment the 
visiting Members the Institution Civil Engineers held from 
September 13th 16th, 1904. 


Adjourned. 


September 21st, 1904.—The meeting was called order 8.40 
M., George Pegram, Director, the chair; Chas. Warren Hunt, 
Secretary, and present, also, 135 members and guests. 

Three papers were presented for discussion: The first, entitled 
Methods for the Calculation Statically Indeterminate 
Bridges, used the Check Calculations Designs for the Manhat- 
tan Bridge and the Blackwell’s Island Bridge, New York,” Frank 
Cilley, B., was presented the author. The second paper, 
entitled Theory and Formulas for the Analytical Computation 
Three-Span Suspension Bridge with Braced Leon Mois- 
seiff, Assoc. Am. E., was presented the author, and 
written discussion Church, Am. Soc. E., was read 
title the Secretary. The third paper, entitled ‘‘A Rational 
Form Stiffened Suspension Bridge,” Gustav Lindenthal, 
Am. E., was presented the author, and was discussed 
Messrs. Hildenbrand, Joseph Mayer, Buck, Crehore 
and Gustav Lindenthal. 

The Secretary announced the following deaths: 

Barry elected Member, June Ist, 1898; died 
August 13th, 1904. 

elected Member, June 4th, 1890; died August 
1904. 

elected Member, December 4th, 1895; died 
September 19th, 1904. 


Adjourned. 
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THE BOARD DIRECTION. 
(Abstract. 


September 6th, 1904.—8.40 m.—Vice-President Deyo the 
chair; Chas. Warren Hunt, Secretary, and present, also, Messrs. 
Buck, Craven, Croes, Ellis, Gowen, Lewis, Noble, Osgood and 
Pegram. 

Routine business only was considered. 

Seventy-six applications for admission were considered and acted 
upon. 

Nine Associate Members were transferred the grade Member. 

Six applications for transfer higher grade were declined. 

Thirteen candidates for Junior were elected. 


Adjourned. 
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ANNOUNCEMENTS. 


every day, except Sundays, Fourth July, Thanksgiving Day and 
Christmas Day. 


MEETINGS. 


Wednesday, October 19th, 1904.—At this meeting paper 
Schneider, Am. Soc. E., entitled Structural Design 
Buildings” will presented for discussion. 

This paper printed this number Proceedings. 


INTERNATIONAL ENGINEERING CONGRESS 
AND 
THIRTY-SIXTH ANNUAL CONVENTION THE SOCIETY. 


previously announced, the Programme the International 
Engineering Congress, which has been issued all members the 
Society, there will meetings the Comgress each day, 
beginning Monday, October 3d, and continuing throughout the week, 
the last meeting the Congress being held Saturday morning, 
October 8th. Members the Society all grades are Members 
the Congress. 

The Thirty-Sixth Annual Convention the Society will held 
the afternoon Monday, October 3d, the Hall Congresses, 
Louisiana Purchase Exposition, 2.30 this meeting the 
President will deliver the Annual Address. the close the ad- 
dress the President, the business meeting required the Constitu- 
tion will held. meeting the Board Direction, required 
the Constitution, will held time subsequently deter- 
mined. 

circular, relating hotel accommodations, which was prepared 
the Local Committee the Society St. Louis, has been issued 
all members, and this the Inside was recommended as, 
all things considered, the most available for members and their 
families. 

lower rate for transportation than the Exposition excursion rate estab- 
lished all railroads, this rate being less than the usual, one fare and 
one-third, round trip, convention rate. 

all members the Society who have, response the circu- 
lar already issued, specified the subjects their purpose discuss, 
copies such the papers have been printed advance form 
have already been forwarded, and, upon request, the Secretary will 
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glad forward such copies members who have not already asked 
for them. 


Owing the large number papers, which cover many subjects, 
will impossible forward Advance Copies all papers all 
members the Congress, and has been necessary restrict the 
issue Advance Copies those who expect present discussions 
either person the Congress letter. 


INTERNATIONAL ENGINEERING CONGRESS. 
CHAIRMAN: 


CHAIRMEN SECTIONS: 
Section A.—Waterways. 


Section 
Section C.—Railroads. 


Section Materials Construction. 


Section E.—Mechanical. 


Section F.—Electrical. 


Section G.—Military and Naval. 
Past-President, Am. Soc. 


Section H.—Miscellaneous. 


SECRETARY: 


CHARLES WARREN Secretary, Am. Soc. 
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COMMITTEE CHARGE ENGINEERING CONGRESS. 
Henry Chairman, Detroit, Mich. 
Secretary, New York City. 
Knap, Treasurer, New York City. 


Pittsburg, Pa. 
Charleston, Va. 


Washington, 


JOSEPH RAMSEY, Jr., 
St. Louis, Mo. 
Rosert 
Chicago, 


New York. 


Post, 


New York. 


Jersey City, 


New Orleans, 
Philadelphia, Pa. 
New York. 
Nashville, Tenn. 
Troy, 
St. Louis, Mo. 
ALFRED CRAVEN, 
New York. 
New York. 


Davison, Pittsburg, Pa. 


COMMITTEE ARRANGEMENTS FOR THE ANNUAL 
CONVENTION. 


Chairman; 


ALFRED CRAVEN, 
JOSEPH 


Davison, 


Secretary. 


UNIVERSAL EXPOSITION, ST. LOUIS, 1904. 


The Society has undertaken provide for engineering exhibit, 
and the establishment Headquarters for visiting engineers the 
center the Liberal Arts Building, and the Board Direction has 
appropriated sufficient funds defray the necessary expense. 

This matter the hands the following Committee: 

Moors, Am. E., St. Louis, Mo., Chairman. 

Epwarp Am. Soe. E., Chicago, 


WILLIAM JACKSON, 

Van 
WALLACE, 

Sect’y, 


Frankfort, Ind. 
Boston, Mass. 
St. Louis, Mo. 
Chicago, 

St. Louis, Mo. 
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PRIVILEGES LOCAL SOCIETIES EXTENDED MEMBERS 
THE AMERICAN SOCIETY CIVIL ENGINEERS. 


The Boston Society Civil Engineers will welcome any member 
the American Society Civil Engineers its library and reading 
room, 715 Tremont Temple, Boston, which open week days from 
Members will also welcome the meetings 
which are held the same building the evenings the fourth 
Wednesday January, and the third Wednesdays other months, 
except July and August. 

The rooms the St. Louis Engineers’ Club, the business center 
St. Louis, will kept open during the World’s Fair season, May 
1st December 1904, and visiting engineers are cordially invited 
use them for mail, telephone service, information, etc. 

The courtesies the Engineers’ Society Western Pennsylvania 
have been extended members the American Society Civil En- 
gineers. The rooms the Society, 410 Penn Ave., Pittsburg, Pa., 
are open all times, and meetings are held follows, except during 
July and August. Third Tuesdays; 
Thursdays following third Tuesdays; 
first Tuesdays; Fourth Tuesdays. 

The Western Society Engineers, Monadnock Block, Chicago, 
tenders members this Society the use its rooms and 
facilities, together with the good offices its Secretary and 
special committee appointed for that purpose. 

The Civil Engineers’ Club Cleveland, Ohio, invites members 
this Society make use the Club rooms, any time when 


Cleveland. Cards will furnished application the Secretary, 
Mr. Beardsley. 


SEARCHES THE LIBRARY. 


January, 1902, the Secretary was authorized make searches 
the Library, upon request, and charge therefor the actual cost 
the Society for the extra work required. Since that time many such 
searches have been made, and bibliographies and other information 
special subjects furnished. 

The resulting satisfaction, the members who have made use 
the resources the Society this manner, has been expressed 
frequently, and leaves little doubt that, were generally known 
the membership that such work would undertaken, many would 
avail themselves it. 

The trifling, compared with the value the time 
engineer who looks such matters himself, and the work can per- 


formed quite well, and much more quickly, persons familiar 
with the Library. 
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Copies all lists references are filed, that many cases 
only necessary make typewritten which reduces the cost 
searches minimum. 

asking that such work undertaken, should specify 
clearly the subject covered, and whether references general 
books only are desired, whether complete bibliography, involv- 
ing search through periodical literature, desired. 
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ACCESSIONS THE LIBRARY. 
From August 7th September 13th, 1904. 


DONATIONS.* 
TYPES AND DETAILS BRIDGE CONSTRUCTION. 


New York, McGraw Publishing Company, 1904. 


The author states that his purpose present the development advanced 
practice, bridge construction, and its standard details, illustrate the classes 
structures adapted different conditions, show some the characteristic differences 
between American and foreign. and illustrate some primitive obsolete con- 
structions, recording important and well-known examples. The bridges have been 
arranged order and grouped classes, and the are most cases 
mented specific references any more extended articles which have been published 
about them technical journals professional papers, and may consulted 
libraries for additional data special cases. The book divided into four parts: Part 
Wood and Iron Arch Spans; Part II, Spandrel Braced Arches; Part III, Arch Trusses; 
and Part IV, Plate Girder Arches. has alphabetical index bridges, and classi- 
fied index bridge details; both indexes are included four pages. 


BROWN’S DIRECTORY AMERICAN GAS COMPANIES. 


Gas Statistics, 1904. Compiled and corrected Brown. 


Cloth, 272 pp. New York, Press the Progressive Age, 
1904. $5.00. 


This book published annually, and contains statistics gas the 
United States. Canada and South America, and electrical companies where they are 
under the same name the gas companies. Acetylene and gasolene gas 
plants are included, and also list parent operating companies. There list 
and members the gas associations the United States, analysis British 
gas accounts for 1902-03, and bibliography for gas men, divided subject. The ar- 
rangement the whole book alphabetical, but also has one-page index contents. 


TRANSPORTATION RAIL. 


Analysis the Maintenance and Operation Railroads, Show- 
ing the Character and Cost the Service Performed Railway 
Companies the Maintenance Highways for Commerce, and 
Common Carriers Passengers, Freight and the United States Mails 
over such Highways. Talcott. Cloth, in., pp. 


Va., Whittet and Shepperson, 1904. (Donated the 
author.) 


The preface states that the statistics given this book are based the many years’ 
experience the author the construction, maintenance and operation railways, 
during which time had the accounts suit his special method analyzing 
the cost maintenance and operation. This method analysis was applied num- 
ber Southern roads for periods from three ten years, and the units cost ascer- 
tained differed somewhat for the same service, according conditions different roads, 
such standards construction and equipment, varying rates pay for employees 
and diversity the cost materials and supplies. The road selected illustration 
seemed represent the Southern roads the same general standard. 
The statement made that the present method accounting, established 
the Interstate Commerce Commission, does not admit the application this method 
analyzing operating expenses, and therefore the present cost service cannot 
accurately given; but the general managers who wish know the exact cost each 


unit service their roads may have their accounts kept admit this 
method analysis. 


CHART METHOD REDUCING POLARIS OBSERVATIONS. 


Clark Brown. Cloth, pp. Albany, Published 


the Author, 1904. Paper, $1.00; cloth, $1.50. (Donated the 
author.) 


The author states that, having found computations the usual methods tedious 
when the observations were made convenient times the early evening, has been 
led devise Chart Method for making the reductions. this method for 
publication was thought best accompany with table the time the culmina- 
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tion Polaris, new plan, and also with set simple directions for making the 
observations. The table and chart are prepared from data found the United States 
Government publications, and, while not sufficient refinement for use extensive 
geodetic surveys upon which the larger theodolites are used. the author believes them 
accurate will required for use with the engineer’s transit, the probable 
the azimuth line being less than the probable error the measurement 
angle. 


THE INDUSTRIAL AND ARTISTIC TECHNOLOGY PAINT AND VARNISH. 


Alvah Horton Sabin. Cloth, 372 pp., illus. New 
Wiley and Sons; London, Chapman and Hall, Limited, 
904. $3.00. 


The writer says that his aim give correct general outline the subject 
Paints and Varnishes, with brief account their modern use and the principles 
which are involved their fabrication and application. also stated that many 
the facts herein noted, though old, are practically unknown, and some them 
anticipate patented processes; their value public that way suffi- 
cient excuse for their republication. Scarcely any patents this line are any value 
validity; and the secret processes which are continually vended are for the most 
neither secret nor new. The only trade secrets lie the incommunicable intimate 

the expert, and are made valuable only his unceasing care, vigilance 
and conscientiousness. Theories, however, may made and the attention the 
student may intelligently directed their application. The book contains alpha- 
betical index eight pages. 


Gifts have also been received from the following: 


Aachen Tech. Hochschule. pam. 

Abner Co. pam. 

Am. Soc. Mech. Engrs. pam. 

Bell, George Joseph. bound vol. 

vol, 

Brit. Fire Prevention Committee. pam. 

Buffalo, Rochester Pittsburgh Ry. Co. 


pam. 
Cal. Acad. Sci. vol. 
Canadian vol. 
Central Georgia Ry. Co. 
Chicago Terminal Transfer Co. 


pam. 

Comitato Pro Roma pam. 

vol. 

Globe and Northern Ry. Co. 


pam. 

Glasgow South-Western Ry. Co. pam. 
Gould, vol. 

Great Britain—Patent Office. vol., 


pam. 


ol. 
Haverhill, Mass.—City Engr. pam. 
India—Pub. Works Dept. Rys. vol. 
Inst. Civ. Engrs. vol. 
Inst. Civ. Engrs. Ireland. vol. 
Inst. Min. and Metallurgy. bound 


Commrs. bd. vol. 

Iron and Steel Inst. bound vol., pam. 

Jackson, Granberry. 

the Royal United Service Inst. 
nos. 

Tech. Hochschule Berlin. 


pam. 
Limbeck, Zdenko Ritter von. pam. 


Live Eng. Soc. vol. 

McGill Univ.. bound vol. 

McGraw Pub. Co. vol. 

Assoc. Engrs. bound 
vol. 

Met. Board Water Supply. 

Midland Ry. Co. 

New Cotton Mfgrs. Assoc. 
bound vol. 

New England Water Works Assoc. 


vol. 

New South Wales—Govt. Statistician. 
bound vol. 

New York, Ontario Western 


pam. 

Northampton, Mass.—City Clerk. 
bound vol. 

Patschke, pam. 

Royal Soc. Canada. bound vol. 

Soc. Belge des Ingenieurs des Indus- 
triels. pam. 

Toronto, Ont.—City Engr. bound vol. 

H.G. 

vol. 

vol., vol., pam. 

Div. Foreign Markets. vol., 


Office Exper. Station. pam. 
U.S. War Dept. 
United Water Impvt. Co. pam. 
West Va. Geol. Surv. bound vol. 
Western Car Service Assoc. pam. 
Western Soc, Engrs. pam. 
Woburn, Mass.—City Clerk. vol 
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PURCHASE. 


Treatise Surveying. Comprising the Theory and the Prac- 
tice. Part Higher Surveying. William Gillespie. Revised 


and enlarged Cady Staley. New York, Appleton Company, 
1902. 


Die Vagabundierenden Strome Elektrischer Bahnen. Dr. Carl 
Michalke. (Elektrotechnik Einzeldarstellungen, Part Edited 


Dr. Gustav Benischke). Braunschweig, Friedrich Vieweg und 
Sohn, 1904. 


Technische Hulfsmittel zur Beforderung und Lagerung von 


Sammelkorpern (Massengiitern). Part If. Buhle. Berlin, 
Julius Springer, 1904. 


Die Wasserrohrkessel der und Handelsmarine. Ihre 
Bauart, Wirkungsweise, Behandlung und Bedienung. Von Walter 
Leps und Max Dietrich. Rostock, 


Elemente des Studierende Lehran- 
stalten und Jiingere Techniker. Von Fduard Sonneund Karl Essel- 
born. Leipzig, Wilhelm Engelmann, 1904. 


Maurel. Paris, Libraire Polytechnique Ch. Béranger, 1904. 


Central Station List and Manual Electric Light. Published 
Quarterly the First Day March, June, September and December. 
New York, McGraw Publishing Company, 1904. 


The Municipal Year Book the United Kingdom for 
Edited Robert Donald. London, Edward Lloyd, Limited, 1904. 


The Drainage Town and Country Houses. Practical Ac- 
count Modern Sanitary Arrangements and Fittings. 
Middleton. London, Batsford, 1903. 


Pollution Tidal Waters, With Special Reference Shellfish. 
Fourth Report the Commissioners Appointed 1898 Inquire 
and Report What Methods Treating and Disposing Sewage may 
Properly Adopted. London, Eyre and Spottiswoode, 1904. 


Directory the Iron and Steel Works the United States. 
Embracing Full Description the Blast Furnaces, Rolling Mills, 
Steel Works, Tinplate and Terne Plate Works, and Forges and 
Bloomaries the United States; also Classified Lists the Wire 
Rod Mills, the Structural Mills, Plate Sheet, and Skelp Mills, Black 
Plate Mills, Rail Mills, Steel Casting Works, Bessemer Steel Works, 
Open Hearth Steel Works, and Crucible Steel Works. Compiled and 
Published the American Iron and Steel Association. Sixteenth 


edition. Corrected August 1904. Philadelphia, American Iron 
and Steel Association, 1904. 


Modern Practical Electricity. Electricity the Service Man; 
Popular and Practical Treatise the Applications Electricity 


Modern Life. Mullineux Walmsley. Chicago, 
Keener and Co. 
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Der Kaskadenumformer. Seine Theorie, Berechnung, Konstruk- 
tion und Arbeitweise. Von Arnold und Cour. 
druck aus Sammlung elektrotechnischer Vortrige. Herausgegeben 
von Dr. Ernst Voit. Band VI. Berlin, Ferdinand Enke, 1904. 


SUMMARY ACCESSIONS. 
August 7th September 12th, 1904. 


Donations (including duplicates and numbers 
completing volumes periodicals).............. 177 
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MEMBERSHIP. 


ADDITIONS. 


Date 
Membership. 


West 34th St., New York City Sept. 1904 
Manila, Philippine May 1904 
East 42d St., New York Sept. 1904 


ASSOCIATE MEMBERS, 


CHARLES 619 Garrison Ave., Fort Smith, 


Cossart, Jr. New York City May 1904 
Henry. Care, Am. China Development 


Barp. West 25th St., York City. May 1904 


Ernest 305 Exchange Bldg., New Haven, 


CHANGES ADDRESS. 
MEMBERS, 


Communipau Coal Co., Jersey 


City, J.; Address, Battery 
New York City, 


ALONZO CLARENOE 920 Hibernia Bank and Trust 
New Orleans, La. 
Frep Junta, Colo. 
Military Secy., War Dept., Washing 
ton, 
JoHN Gasconade Ry. Constr. Co., 


Prin. Asst. Engr., St. L., 
Ry., Paso, Tex. 
Broad New York City. 
coma, Wash, 
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Orleans, La. 
Davison, GEORGE STEWART Care, Guffey Petroleum Co., 
Beaumont, Tex. 


Ry. Co., 610 Globe Democrat 
Bldg., St. Louis, Mo. 

225 West 33d St., New York City. 
ough Richmond, City New 
York,Richmond Bldg.,New Brighton 
160 Richmond Ave., Port 
Richmond), 


Ross 


JOHNSON, 


Co., Wall St., New York City. 

JOHNSON, 11, Ohio River, Wellsburg, W.Va. 

Broadway and 187th St., New York 
City. 

ANDREW WENDELBO......... Acting Chf. Engr., Chic. Gt. West. Ry., 
St. Paul, Minn. 

JOHN Cons. Engr., West 34th New York 
City. 

West 100th St., New York City. 

ALBERT FOWLER............ Bridge Engr., A., Ry. Sys- 


tem, Room 1000, Ry. Exchange 
Bldg., Chicago (Res., 608 Marion St., 
Oak Park), 


Henry 821, Vancouver, C., Canada. 


Isthmian Canal Comm., Culebra, 
Canal Zone, Panama, Care, New York 
Post Office. 
CHARLES 393 Lewis Ave., Brooklyn, 
Tuomas, Superv. Engr., T., 59th St. 
Power House (Res., West 92d 
St.), New York City. 
Wess, Cons. Engr., 2222 Land Title Bldg., 
Philadelphia, Pa. 
CHARLES South Bethlehem, Pa. 
GARDNER STEWART.......... 1503 Washtenaw Ann Arbor, 
Mich. 
ASSOCIATE MEMBERS. 
FREDERICK WHITNEY.......... Supt. for The Foundation Co., Terre 
Haute, Ind. 
Barnes, St., Waterville, Me. 
WESTERN RADFORD ........ Westminster St. Louis, Mo. 
JACOB .25 Dix Bldg., Elizabeth, 
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CARROLL Contr. Engr., Wisconsin Bridge Iron 
Co., 101 Nineteenth St., Milwaukee, 
Wis. 

318 Grand Central Station, Chicago, 

Crew, CHARLES Engr., Morgan County Coal Co., Bar- 
nett, Mo. 

FRANK GRANT....... Designing and Const. Engr., Cudworth, 


Axtell Co., 616 Life Bldg., 
Kansas City, 
Davis, CARLETON EMERSON...........San. Engr., Isthmian Canal Comm., 
Ancon, Canal Zone, Panama. 


Vou, Care, Am. Bridge Co., Erecting Dept., 
Ambridge, Pa. 

FRANK Asst. Prof. Civ. Eng., Univ. Ver- 
mont, Burlington, Vt. 


ENDEMANN, HERMAN Asst. Engr., Topographical Bureau, 


Borough Queens, Bergen Ave., 
Jamaica, 


JAMES Cons., Bridge and Structural Engr., 735 
Fourteenth Ave., Detroit, Mich. 

FREDERICK EDWARD 820 Montgomery St., Jersey City, 

ALFRED Gen. Insp., Eng. Staft, Croton Aqueduct 
Commrs., 280 Broadway, New York 
City. 

Frep ........ Asst. Prof. Civ. Eng., Univ. 


1003 Oregon Ave., Urbana, 
Asst. Bridge Engr., Pere Marquette Ry., 
280 Lysander St., Detroit, Mich. 


ALBION 


Ry. Co., 1232 Ry. Exchange, Chicago, 

HERRING, WILLARD Silver Springs, Md. 

McCoy, Lowsville, Va. 

Van NoRMAN........ Nordrach Colorado Springs, 
Colo. 

Martin, WILLIAM ............ Engr. for Denver Pueblo Constr. Co., 
318 Fourteenth St., Denver, Colo. 

Mason, GEORGE Cons. 324 Chamber Commerce, 


Portland, Ore. 
CHARLES GILLINGHAM........City Engr., Coldwater, Mich. 


CHARLES MARCELLUS...... Honeapath, 

ScHAEFFER, AMos ...................408 West 150th St., New York City, 

Asst. Engr., South Bend, Ind. 

U.S. Examiner Surveys, Gen. Land 
Office, Valentine, Nebr. 


proofing Co., West 26th St., New 
York City. 
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Broadway (Res., 132 West 80th St.), 
New York City. 
ASSOCIATES. 
Lyman, ROSWELL............ Univ. Utah, Salt Lake City, Utah. 
JUNIORS. 
Insp. Steel Constr,. West Side 


15, Fourth Div., Rapid Transit 
Comm. (Res., 301 West 150th 
St.), New York City. 
CROMWELL, Forbes Ave. and 9th St., Rensselaer, 


Box 1103, Pittsburg, Pa. 
JoHN WARREN U.S. Reclamation Service, Montrose, 
Colo. 
Box 68, Winnipeg, Man., Canada. 
Ernest EMMANUEL. ........ 608 New Nelson Bldg., Kansas City, Mo. 
Niobrara, Nebr. 
..................Rockwells Mills, Chenango Co., 
More, CHURCH. ........... Univ. Station, Seattle, Wash. 
......... Care, Hay Foundry Iron Works, 
Newark, 
430 Frick Bldg., Pittsburg, Pa. 
Epwin 430 West 118th St., New York City. 
UNDERHILL....... 518 St. Clair St., Pittsburg, Pa. 
FELLOWS. 
Pont, 808 Broome St., Wilmington, Del. 
DEATHS. 


BERGENGREN, Fritz ANDERS Associate Member, Decem- 
ber 2d, 1896; died August 8th, 1904. 


Elected Member June 1898; died 
August 13th, 1904. 

GARDNER, GEORGE CLINTON........ ...Elected Member, November 3d, 1875; 
died August 12th, 1904. 

Elected Member, October 5th, 1887; 


died July 26th, 1904. 
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MONTHLY LIST RECENT ENGINEERING ARTICLES 
INTEREST. 


(August 4th September 10th, 1904.) 


This list published for the purpose placing before 
the Societu the titles current articles, which can referred 


any available engineering library, can procured addressing 


the publication directly, 
possibie. 


the address and price being given wherever 


LIST PUBLICATIONS, 
the list articles references are given the number pre- 


each journal this list. 


Journal, Assoc. Eng. Soc., 257 South 
Fourth Pa., 30c. 
1122 Girard St., Philadelphia, Pa. 
(3) Journal, Franklin Philadel- 
Pa., 50c. 
(4) Journal, Western Soc. Engrs., Mo- 
nadnock Plock, Chicago, 
(5) Transactions, Can. Soc. E., Mon- 
treal. Qve., Canada. 
(6) School Mines Quarterly, Columbia 
Univ.. New York City, 50c. 
(7) Quarterly. Mass. Inst. 
Tech., Boston, 75c. 
(8) Stevens Institute Indicator, Stevens 
Inst., Hoboken, J., 
(9) Engineering Magazine, New York 
City, 
(10) Cassier’s Magazine, New York City, 
De. 
(11) Engineering (London), Wiley, 
New York City, 25c. 
The International 
News Co., New York City, 35c. 
(13) News, New York City, 
(14) Record, New York 


(15) Gazette, New York City, 


(16) and Mining Journal, 
New York City, 15c. 

(17) Street Railway Journal, New York 


Citv, 35c. 

(18) Railway and Engineering Review, 
Chicago, 

(19) Scientific American Supplement, New 
York Citv, 

(20) Iron New York City, 

Raitway Engineer, London, Eng- 
land, 25c. 

(22) Iron and Coal Trades Review, Lon- 
don, England, 25c. 

(23) American and Steel 
Assoc., Philadelphia, Pa. 

(24) American Gas Light Journal, New 
York City, 10c. 

Engineer, New York City, 


(26) Electrical Review, London, England. 

(27) Electrical World and Engineer, New 
York City, 

Boston, $1. 

(29) Journal, Society Arts, London, 
England, 15c. 

(30) Annales des Publics 
Belgique, Brussels, Belgium. 

(31) del’ Assoc. des Ing. Sortis 
des Spéciales Gand, Brus- 
seis, Beigium. 

(32) Mémoires Rendu des Tra- 
vaux, Ing. Civ. France, 
Paris, 

(33) Génie Civil, Paris, France. 

(34) Portefeuille Economique des Ma- 
chines, Paris, France. 


(35) Nouvelles Annales Construc- 
tion, Paris, France. 
(36) Revue Technique, France, 
(37) Revue Paris. 
(38) Revue Générale des Chemins Fer 
des Tramways, Paris, France. 
(39) Master Mechanic, Chicago, 
(40) Railway Aae. Chicago, 
(41) Modern Machinery ,Chicago. 10c. 
(42) Transactions, Elec. 
New York City, 50c. 
(43) Annales des Ponts Chaussées, 
Paris, France. 
(44) Journal, Military Service Institu- 
tion, Governor’s Island, New York 
(45) and Minerals, Scranton, Pa., 


(46) Scientific American, New York City, 


(47) Mechanical Engineer, Manchester, 
England. 

(54) Transactions, Am. Soc. E., New 
York City, $5. 

(55) Transactions, Am. Soc. E., New 
York.City, $10. 

(56) Transactions: Am. Inst. Min. Engrs., 
New York City, $5. 

(57) Colliery Guardian, London, England. 

Proceedings, Eng. Soc. Pa., 410 
Penn Ave., Pittsburg, Pa., 50c. 

(59) Transactions, Mining Inst. Scot- 
land, London and Newcastle-upon- 


Tyne. 

(60) Municipal Engineering, Indianap- 
olis, Ind., 25c. 

(61) Proceedings, Western Railway Club, 
225 Dearborn St., Chicago, 

(62) American Manufacturer and Iron 
World, Ninth St., Pittsburg, Pa. 

(63) Minutes Proceedings, Inst. 
London, England. 

(64) Power, New York City. 

(65) Official Proceedings, New York Rail 
road Brooklyn, Y., 15c. 

(66) Journal Gas Lighting, London 
England, 

(67) Cement and Engineering News, Chi- 

(68) Mining Journal, London, Engiand. 

(69) Mill Owners, New York City. 

(70) Review, New York City, 


(71) Journal, and London, 
England 

(72) Street Review, Chicago, 

(73) Electrician, London, England. 

(74) Transactions, Inst. Min. and 
Metal London, England. 

(75) Proceedings, Inst. Mech. Engrs., 
London, England. 

(76) Brick, Chicago. 10c. 

(77) Inst. Elec. Engrs., London, 
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LIST ARTICLES. 
Bridge 


Practical Method the Cables Suspension-Bridges; with some Notes 
Cables, Strands, and rom recent Australian Practice.* 
Ernest Macartney Burgh, Inst.C. (63) Vol. 156. 

Light 510-Foot Suspension Bridge.* (14) Aug. 

Skew-Span Double-Track 54-Foot Reinforced Arch.* (14) Aug. 

Sydney Harbour Bridge.* (12) Aug. 12. 

Pile and Timber Trestle Bridges the Santa Robinson. From Bulletin 
the Amer. Ry. Eng. and Maintenance Way Assoc.) (15) Aug. 

the 232-Foot Triangular Span the Fraser River Bridge. (14) 

New, Design Reinforcement for Concrete Steel Girders. Whitford. (46) 

ug 

The Division Street Bascule Bridge, Chicago. (14) Aug. 20. 

The Merrimac River Bridge Newburyport.* (14) Aug. 20. 

Novel Bridge Construction. (62) Aug. 25. 

Ferry Over the Loire River Nantes, France.* Ridgely. 


The Erection the Tenth Street Bridge. Pittsburg.* (14) Serial beginning Aug. 27. 
The New Main Span the Plattsmouth Bridge.* (14) Aug. 27. 
Transporter Bridges Nantes, Bizerte and Rouen.* (10) 
The Tornado August 1904, St. Paul, Minn.* effect bridges.) 
Turner, Am. Soc. (13) Sept. 
American Bridge Building Equatorial Africa.* (14) Serial beginning Sept. 
Soc.) (62) Sep 
Reinforced Highway Bridges New Jersey. (14) Sept. 10. 
Les Nouveaux Grands Ponts sur River New Richou. (33) Serial 
beginning July 30. 
dans Congo Frangais.* Lt.-Colonel Gisclard. (33) 


Electrical. 


The Storage Battery.* Woodbridge. (8) 

Direct-Reading Measuring Instruments for Switchboard Use.* Kenelm 
Assoc. Inst. E., Franklin Punga. (79) 

The Steam Electrical Engineering.* C.A. Parsons, Stoney, 

The Distribution Engine Works.* Anderson, Assoc. 
Inst. (77) July. 

Engineering South Africa. John Roberts. (73) July 

The Organisation and Management Central Station artment.* 
(Abstract Paper read before the Municipal Elec. Convention.) (26> 


Some the Bristol Electricity Works Fire.* Faraday Proctor. (Paper read 
before the Incorporated Mun. Elec. Assoc.) (73) July 29. 

Synthetic Wireless Telegraphy.* Frederick July 30. 

Telephonic Tendencies. (27) July 30. 

Winding Direct-Current Generator Armature.* Arthur Wagner. (From Electric Club 
Journal.) (47) July 30. 

Some the Features the Exposition.* Ellicott. ‘4) Aug. 

The Works the General Electric Company.* (11) Serial 

Ipswich Electric Lighting and Tramways Undertaking. (26) Aug. 

The Location Lightning (26) Aug. 

ginning Aug. 

The Adaptability ‘of Electrical Driving.. Longbottom. (Abstract Paper read 
before the Manchester Assoc. Engrs.) (26) Serial beginning Aug. 

Reaction Alternators.* James Henderson and John Nicholson. (73) 

ug. 

The Power Plant the Littleton Creamery, Denver. (14) Aug. 

The Continuous Current Transmission Experiments Sécheron.* Steens. 
(14) 

Large New Steam Turbine Power Plant Installation for Dubuque, 


Aug 
Guanajuato, Mexico, Power Transmission.* McF. Doble. (27) Seria! be- 
inning Aug. Abstract (14) Aug. 13. 
for Measuring the Output Induction Motors.* Alexanderson. (27) 
New Wire Fixing and Apparatus for Overhead Electric Light and 
Power Wires and Cables.* (27) 
Single-Phase Series Motor.* Ralph (27) Aug. 


17) 
be- 


(27) 


t and 
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Electrical—(Continued). 


Aluminium Electrical Conductors. Roderick Parke. 
the Canadian Electrical Assoc.) (47) Aug. 

Leek Electricity Works.* (26) Aug. 12. 

Electro-Chemistry. Bertram Blount. (29) Serial beginning 
ug. 12. 

Electrotechnical Systems Units.* David Robertson. (73) 

The Largest Generating Unit the World’s Fair.* (27) Aug. 13. 

Telephone Traffic Efficient Service.* Howard Knowlton. (27) 
ug. 13. 

Rigidance, New Name for the Reciprocal Capacity.* James Ives. (27) Aug. 13. 

Medium-Span Line Construction.* Copeland, Assoc. Am. Inst. (13) Aug. 18. 

Electrical Methods Measuring Temperature.* (62) Aug. 18. 

Electric Tides and Earth Currents.* (26) Serial beginning Aug. 19. 


Brothers Co.’s New Manufactory Stafford.* (26) Serial beginning 
ug. 19. 


Iron Losses Dynamos. (26) Aug. 19. 

Naval Telegraph Instruments: Electric Telegraphs. (26) Aug. 19. 

Orling-Armstrong Electro-Capillary Recorder.* (26) Aug. 19. 

Method Laying Bare Underground (73) Aug. 19. 

500 000-Volt Transformer the St. Louis Exposition.* (27) Aug. 20. 

Practical Test Commutation.* Arthur Keller. (27) Aug. 20. 

Unique Storage Battery Installation.* Henry Floy. (27) 20. 

the Austin Telephone Company’s Plant, Austin, 

(27) Aug. 20. 

Will Mechanical Stokers under Steam Boilers Pay? (62) Aug. 25. 

Voltage Alternating Current Systems.* H.S. Meyer. (Paper read be- 
fore the Liverpool Eng. Soc.) (62) Serial beginning Aug. 25. 

Natal Three-Phase Transmission Plant.* (26) Aug. 26. 

Large Bulb Incandescent Electric Lamps Secondary Standards Light.* 
Fleming. (Paper read before the British the Advancement Science.) 
(26) Aug. 26; Abstract (73) Aug. 26. 

Flame Temperatures Internal Combustion Motors.* Dugald Clerk. (Paper read be- 
British Assoc. for the Advancement Science.) (73) Serial beginning 

ug. 26. 
The Distribution Magnetic Induction Multipolar Armatures.* Thornton. 


read before the British Assoc. for the Advancement Science.) (73) 


The Janus Telephone System.* Alfred Gradenwitz. (19) Aug. 27. 

Multiple Control Press Motors San Francisco.* Wyatt Allen. (27) Aug. 27. 

Two Methods Locating Faults Telephone Cables.* Stabler. (27) Aug. 27. 

Physical Conception Some Alternating-Current Phenomena.* Lamar Lyndon. 
(27) Serial beginning Aug. 

27) Aug. 27. 

General Electric Company’s New Compensated Motor for Railway Service.* (13) Aug. 


Aug. 26; (40) Aug. 26; (14) Aug. 27; (17) Aug. 27; (18) Aug. 27; (27) 
ug. 27. 


Circuit-Breakers.* W.M. Scott. (3) Sept 


Equipment Workshops and Factory Buildings. Percival Robert Moses. 


ept. 
the Citizens Light, Heat and Power Company, Johnstown, 
(64) Sept. 
Operating Direct Current Generators.* Sept. 
The Hydro-Electric Station Bogota.* A.Steens. (14) 
Rock Creek, Oregon, Power and Transmission System.* (27) Sept. 
Treating Incandescent Lamp Filaments.* Ralph McNeill. 
Calculation Alteruator Regulation.* Canfield. (27) Sept. 
Steam Turbine-Driven Central Station (Johnstown, Pa.).* (27) Sept. 
Wireless Telegraph Service St. Louis.* Cloyd Marshall. (27) Sept. 
Fog Electricity: Experimental Proof.* Collins. (46) 


Sept. 
16-Mile, 000-Volt, Experimental Electric Transmission Line. (Paper 
read before the Pacific Coast Electric Transmission Assoc.) (13) Sept. 
The Power Plant the Agnes Memorial Sanatorium.* Howard Knowlton. (14) 


ept. 10. 

Détermination des Conditions Maxima pour Fonctionnement des Lampes 
Electriques Aymard Valéry. (36) July 25. 

Soins Donner aux Batteries d’Accumulateurs. Dieudonné. (36) Serial beginning 


uly 25. 
Courant Continu. Boydela Tour. (34) Aug. 
Les Cables Sous-Marins.* (36) Serial beginning Aug. 25. 
Marine. 


Boiler and Engine Test Small Steamboat. Warren Johnson. (1) July. 
Modern Ship and Engine Plant.* (41) Aug. 


(Abstract Paper read before 


J. 
lub 
read 
(73) 
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The Draft Vessels Motion Shallow Channels Compared with Their Stationary 

Report the Committee Naval Boilers (Great Aug. 

Torpedo-Boat No. 293 for the French Navy.* Aug. 

The Japanese Navy: Recent Warships the Japanese Navy.* Rear-Admiral Sa-Sow. 
(Paper read before the Inst. Naval Archts.) Aug. 12. 

Practical Electrical Testing the Navy. (26) Aug. 12. 


and the New Steamer Wolvin.* aldon Faweett. (27) Aug. 13. 
the Battleship Ohio. (46) Aug. 13. 


The United States Marine Corps.* Waldon (46) Aug. 13. 
Naval Boilers. Aug. 13. 


Lloyd’ Navigation Company’s Africa.* (11) Serial beginning 


Admiral Flagship Mikasa. (46) Aug 20. 
New Apparatus for Coaling Sea Harbor. 


(19) Aug. 20. 
The Fisheries Cruiser (12) Aug. 26. 
The Boilers SS. Medusa, Medea and Hermes.* (11) Serial begin- 
ning Aug 
Anti- Fouling (Paint for the Bottoms Ships). (From Farben Zeitung.) 
(19) Aug 


The Era Warfare.* Farley. Serial beginning Sept.—Oct. 
Notes the Design and Building the Ton Steamships Minnesota and Da- 


Charles ‘Abstract Paper read before the Soc. Naval 
Archts. and Marine Engrs.) (13) Sept. 


Launch the Armored Cruiser South Dakota. (46) Sept. 

The Minnesota. the Largest Steamship ever Built (46) Sept. 
The Gunboat Dubuque.* (46) Sept. 

The New Cunard Turbine Steamers.* (46) Sept. 10. 


Navigation Sous-Marine. (36) Serial beginning Aug. 10. 
Mechanical. 


Notes the and Thermal Treatment Steel Large Masses.* Cosmo 
Johns. (71) Vol. 


The Coke the Hiissener Oven the Clarence Iron Works, and its 
Value the Blast-Furnaces.* Bell. (71) Vol. 65. 


The Design the Steam Turbine: The Economic Value the New Invention.* 
Coleman. (60) 


The Economy the Feed Water Heater.* O.S. Pedersen. (69) Apr. 

Steam Traps: The Rational and Practical Development: The Special Design Founded 
the Difference the Co-Efficients Brass and Iron.* John Platt. (69) Apr. 

The Gas Machine Factory (69 


Gas Analysis with Apparatus. Babbitt. (58) 


Stone Dressing Machines the Wachusett Dam, Clinton, Mass.* (13) 
une 


The Use Steel Scrap Foundry. Scott. (Abstract Paper read before 
the Amer. Foundrymen’s (13) June 


Molding Machines.* George Nielsen. (Paper ‘read before the Chicago Foundry- 
Assoc.) (41) July 


The Steam Plant the St. Louis Exposition.* (64) July. 
Steam Turbines.* Porte, Assoc. Inst. 


(77) 
uly 


Production and Transmission Producer Gas. 47) July 30. 
Experimental Work with Solid Emery Wheels. Paret. (3) 
The Growth the Tool.* Coolidge. (from Sibley Journal 


Engineering.) (41) 

New Chuck for Short Lynch. (Paper read before the Amer. Soc. 
for Testing Materials.) (41) Aug. 

The Generation superheated Steam. Otto Berner. 


(From Zeitschrift des Vereines 
Deutscher Ingenieure.) 


Artificial F.E. Matthews. (64) Aug. 
The Galesburg Mammoth Paving Brick Industry.* (76) Aug. 
The Compounds Vanadium Brown-Coal and Green and Colors 
Which They Cause Terra Cotta Products. (76) Serial Aug. 
Steel Plant the Grand Crossing Tack Company.* (20) Aug 
Riehle Vertical Screw Pow Testing Machine.* (62) Aug. (25) Sept. 
Closing Pieces. (26) 
Boiler Trials with Cil Fuel Los beginning Aug. 
The Dexter Portland Cement 
Mounting Emery Wheels.* (47) 


Tilustrated. 


log 
> £ : 
i 
2 


a 
7 
q 


CURRENT ENGINEERING LITERATURE. 331 


Mechanical—(Continued). 
Rolling Mill Engine. Exhibit the World’s Fair.* (20) 
ug. 11. 


Test Turbine Pumps.* (62) Aug. 11. 

High-Speed Internal Combustion Engines.* (12) Serial Aug. 12. 

Gas Power Plant Elderslie Graving Dock.* (12) Aug. 12. 

Curtis Steam Turbine the St. Louis Machinery Building.* (46) Aug. 

Mechanical Draught for Boilers.* Mech. (Paper read before the 
Inst. Heat. and Vent. Engrs.) (47) Aug. Abstract (22) July 29. 

The Spontaneous Coal. Alfred (13) Aug. 18. 

The Porter Galvanizing Process.* (20) Aug. 18. 

the Cylinder Bore, Stroke, etc. Th. Leon Tissandier. (62) 

ug. 18. 
Steam-Turbine (11) Serial beginning Aug. 
Air and Pneumatic Toois Engineering Works. Frank Fielden. (11) 
ug. 19. 

Tool-Grinding Machines the St. Louis Exhibition.* (11) Aug. 19. 

The Mumford Water-Tube Boiler.* (11) Aug 19. 

Mechanical Plant the Hotel Lafayette, Buffalo.* (19) Aug. 20. 

The Science Burning Liquid Fuel.* W.N. Best. (1y) Aug. 20. 

Construction and Fencing Hoists and Teagles.* Sydney Smith. (47) Serial 
beginning Aug. 20. 

Westinghouse Steam Turbine.* (47) Aug. 20. 

Station Meters.* Donald McDonald. (Read before the Congress Gas Associations 
America.) (24) Aug. 22. 

The Engineer the Foundry. (Paper read before the Amer. Foundry- 
men’s Assoc.) (62) Serial beginning Aug. 25. 

The Calorimetry the Gases Exhausted from Internal-Combustion Engine.* 


Hopkinson. Paper read before the British Assoc. for the Advance- 
ment Science.) (11) Aug. 


The Manufacture Bricks from Destructor 26. 

The Effects Receiver Drop Compound Engine.* Joseph Hayward. (Paper 
read before the British Assoc. for the Advancement Science.) (12) Aug. 26. 

The Aeroplane. Rudolphe Sorean. (From Vie Automobile.) (19) Aug. 27. 

Gasoline-Electric Automobile.* Guarini. (19) Aug. 27. 

Care and Management Steam Boilers.* William Fowler, (47) Serial 
beginning Aug. 27. 

Entropy Steam Engine Practice.* (47) Serial beginning Aug. 27. 

Engine Breakdowns and Their Lessons.* Aug. 27. 

Pressure Points. Jones. before the Pacific Coast Gas Assoc.) (24) 


Aug. 29. 

The Introduction High- peed Steel into Factory. Wilt, Jr. (9) Sept. 

Variable-Speed Appliances.* Hood. (10) Sept. 

DropValve-Engines.* Charles Hurst. (10) Sept. 

High-Speed Tool Steel, Its Manufacture and Use. Gledhill. (Abstract Paper 
read before the Coventry Eng. Soc.) (21) Sept. 

The New No. Coke Plant the Oliver Snyder Steel Co.: Description the Lay- 
out and Equipment Complete Modern (45) 

Lathe tool Dynamometer for Experiments with Tool Steel.* (41) Sept. 

The Nurnberg Double-acting Tandem Gas Engine Recent Design.* (41) Sept. 

Pneumatie Compression Yoke Riveters.* (41) 

The Private Railway the Modern Plant.* (41) Sept 


the Use Superheated Steam. Franz (64) Serial begin- 
ning Sept. 


Curves Performance.* W.H. Booth. (64) Sept. 

Gas Producers for Power.* Wile. (64) Sept. 

Valves and Valve Gears.* Robert Gibson Griswold. Serial beginning Sept. 

Emergency Lewis Lyne. (64) Sept. 

Splicing Leather Belts.* Dixon. (64) Sept. 

Unique Engine.* (64) Sept. 

What Machinery Menare Doing for Brickmakers. (Paper read before 
the National Brick Manufacturers’ Assoc.) (76) Sept. 

Clayworking Perplexities. (From British Clayworker.) (76) Sept. 

Boiler Scale and the Transmission Heat.* Risteen. (40) Sept. 

The Crocker Steam Turbine. (14) Sept. 

The Daniels and Fisher Power Plant Denver.* Howard Knowlton. (14) Sept. 

Plant the New Orleans Cold Storage and Warehouse Co.* (14) Sept. 

Plant with Heating from the Exhaust Condénsing Steam Turbines.* 
(14) Sept. 

The Admiralty Pier Cranes Dover.* Emile Guarini. (19) Sept. 

Suction Gas-Producer for Use with Explosive Motors Employing Low-Grade Gas Pro- 
duced Direct from Coal.* (From Nature.) (19) Sept. 

Georgia Till Basket and Paducah Factory.* Sept. 

The 5.000-Horse-Power Engine the World’s Fair.* C.J. Larson. (14) Sept. 10. 


Mechanical Cooperage.* Day Allen Willey. (19) Sept. 10. 
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Mechanical—(Continued). 


The Buckeye Traction Frank Perkins. (46) Sept. 10. 

Possibilities Peat Fuel. (46) Sept. 10. 

Les Turbines Vapeur.* Hart. (32) June. 

Notes sur Dynamique Vallier. (37) July. 

Vapeur.* (Tr. fr. the English Jean Grégoire.) (34) 


ug. 
Carburateurs pour Moteurs René (36) Aug. 10. 


Nouveaux Systémes d’Allumage des Becs Incandescence par Gaz.* Guérin. 
(33) Aug. 138. 


The Manufacture Pig Iron from Briquettes Herriing.* Henry Louis: (71) Vol. 65. 

The Range Solidification and the Critical Ranges Iron-Carbon Alloys.* 

The Influence Varying Casting Temperature the Properties Steel and Iron 
Castings. Perey Longmuir. (71) Vol. 65. 

Suitable for Metallurgical Work. (71) Vol. 65. 

Henry Cook Boynton. (71) Vol. 65. 

The Synthesis Bessemer (71) Vol. 65. 

The Therma! Efficiency the Blast-Furnace. W.J. Foster. (71) Vol. 65. 

The Plastic Yielding Iron and Steel. Walter Rosenhain. (71) Vol. 65. 

The Chemistry Allovs for Naval Use. (8) July. 

Steel for Change Speed Gears.* O.Thallner. (From Der Motorwagen.) (47) July 30. 

The Equipment Copper Smelting Plant. (41) Aug. 

the Ural. Bicheroux. (From Revue Universelle des Mines.) (16) 

ug. 

Present Practice Cyanidation the Black Hills. William Magenau. (16) Serial be- 
ginning Aug. 11. 

Advances Electro-Chemistry. Bertram Blount. (29) Serial beginning 

ug. 12. 

Electric Smelting Experiments for the Manufacture Ferro-Nickel from Pyrrhotite.* 
(Abstract Paper read before the Amer. Electro-Chem. Soc.) 
(73) Aug. 12. 

Some Notes Alloys Lead. Tin, Parry. (68) Aug. 13. 

Chemical Limonite (Brown Hematite) Iron Ores. Lynwood Garri- 
son. (16) Aug. 18. 

New Method Manufacturing Steel. John Bray. (46) Aug. 20; (62) 

The Determination Lead, Iron, Lime, Sulphur, Cadmium and Copper Commercial 
Zine Ores. Geo. Waring. (16) Aug. 25. 

Stamp Mill Practice South Africa.* F.C. Roberts. (16) Aug. 25. 

Change Structure the Solid State.* W.Campbell. (3) Sept. 

Fire Assaying: Description the Apparatus Commonly Used and the Methods, the 
Reagents and Some the Reactions.* Evans Buskett. (45) Sept. 

The Analyzing and Grading Iron Ores. Edward Separk. (13) Sept. 

Titaniferous Iron Ores. Hulst. (16) Sept. 

The Potter Process.* Donald Clark. (16) Sept 

Recherches sur les Aciers Molybdéne.* Léon Guillet. (33) Aug. 13. 


Military. 


The Herstal National Armory.* (41) July. 

Military Free-Hand Sketching.* 

Value Sea-Coast Forts the Land Defense. (44) 
Signal Service Modern Warfare.* (46) Sept. 10. 


Mining. 


Winding Plants for Great Depths.* Behr. (74) 

The Mine Explosion Johnstown.* M.G. Moore. (3) Aug. 

Steel for Coal Mine Tipples, and Classification Same.* George Rice. 
Aug. 

Mining Geo. Dern. (45) Aug. 

Segundo Coke Plant.* R.M. Hosea. (45) Aug. 

Compressed Air Quarrying.* (45) Aug.; (18) Aug. 

Hoisting Drums* Auchmuty. (45) Aug. 

Frictional Resistance Pit Rust. (45) Aug. 

French Colliery.* (From Revue Universelle des 
Mines.) (1 ug. 4. 

The Lookout Mountain Company: Description the Company’s Property and 

Plant Battelle, Ala.* (20) Aug. 

Water the Witwatersrand Mines.* Aug. 11. 

Electric vs. Compressed Air Power for Mines. (62) Aug. 11. 

Coal the Douglas Bank Colliery, Wigan.* (22) Aug. 12. 

The Ehrenfeld Colliery.* (16) Aug. 18. 

Dover Colliery.* (12) Serial beginning Aug. 19. 

Contrast Cleveland Minmg).* (22) Aug. 19. 
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Mining—(Continued). 

Electricity Coalmines. (57) 19. 

Square Set Practice Bingham, Utah.* Cates. (16) Aug. 25. 

Surveying and Flat Coal Mines. Thompson. (16) Aug. 25. 

Sampling, Analyses and Preparation Coal. (15) Aug. 26. 

The Mines and Industries Italy.* Enrico Bignami. Sept. 

Coal Mining Louisiana Purchase Exposition: Description Models Showing Works 
Some the Large Bituminous Coal Companies.* (45) Sept. 

Electric Gathering Locomotive: Adaptation the Ordinary Trolley Locomotive 
that May Enter Roomsin Which Wires Have Not Been Installed.* (45) Sept. 
Economic Points Quarry Practice: The Action Explosives: Estimating the Direc- 

tion and Amount Rock Pressure.* O.H. Howarth. (45) Sept 
Underground Boiler Plants Pratt Coal Mines Alabama.* 


Sept. 
Trials Rock Carper. (45) Sept. 


Rock Salt Mining: Description the and the Methods Empl 


the Royal Salt Co., Kanopolis, W.R.Crane. (45) 

Volute Casing.* (From Revue Universelle des Mines.) 
(16) Sept. 


Sinking through Quicksand the Susquehanna Mine.* Sturtevant. 


the Lake Superior Min. Inst.) (16) Sept. (14) Sept. 10; Abstract (13) 
ept. 


Dust Chamber Design.* Max Welch. (16) Sept. 


Traction (Traction par Locomotives Air Comprimé) dans les Mines 
des Etats-Unis. A.de Gennes. (32) June. 


par dans les Mines.* Schmerber. 


Erskine Ramsay. (45) 


(33) Serial beginning July 


Machine d’Extraction Puits Colusa Butte Etats-Unis).* (33) Aug. 13. 

Les Compresseurs d’Air Commande Electrique pour les Installations Souterraines.* 
Denis. (36) Serial beginning Aug. 25. 

Miscellaneous. 


Explosions Produced Ferro-Silicon. Dupré and Lloyd. 

Some Operating Figures New York Office Building. 

Mosely Educational Commission (Amer. Eng. Schools). 
Serial beginning Aug. 27. 

Mathematics Engineering. Thorburn Reid. (10) Sept. 


Municipal. 


City Owned Street Cars.. Hamm. (14) Aug. 
Automobile Steam Fire Engines.* Reichel. (12) Aug. 12. 
Municipal Asphalt Piants. (14) Aug. 20. 

Brick Pavements Seattle. (14) Aug. 


27. 
Effets des Gouderonnages Exécutés 1903 dans Département Seine-et-Marne. 
Trimestre, 1904. 


Vol. 65. 

(13) Aug. 11. 

Aug. 27. 


Railroad. 


The Effects Annealing Steel Rails.* Thomas Andrews, Inst. E., and Charles 
Reginald Andrews. (63) Vol. 156. 

Steel Axles. J.L. Replogle. (61) May 17. 

The Electric Headlight Safety Appliance.* (61) May 17. 

Specifications for Cast Iron Wheels for 000, 900 and 100 Cars.* (13) June 30. 

Midland Railway Company’s Steamship service.* (11) Serial beginning July 29. 

The Storage Battery Applied Electric Railways. W.E. Winship. (3) Aug. 

Sprague’s System Electric Traction. (3) Aug. 

Railroad Signaling.* Ellis. (4) Aug. 

The Boehm System Electrically Lighting Trains.* (21) Aug. 

Ton Covered Goods Wagon: Great Western Railway.* (21) Aug. 

New Compound Fastening for Rails and Chairs.* (21) Aug. 

The Edison Storage for Railway Carriage Lighting. (Abstract 
Paper read before the Southern and South Western Ry. Club.) (21) Aug. 

Heavy Passenger Locomotive, Chicago Alton Ry.* (39) Aug. 

Locomotive Testing the St. Louis Exposition. (39) Aug. 

Some Interesting Examples Steel Construction Car Design.*(39) Aug. 

High-Speed Monorail Model St. Louis.* Small. (41) Aug. 

New Design.* (13) Aug. (14) Aug. (18) Aug. 13: (25) 
Sept.; sept. 

Some Recent Works Railway Tunnel Improvement.* Aug. 


Mallet Articulated Locomotive the St. Louis Exhibition.* Hanbury, Assoc. 
The Mexican Central Shops Aguascalientes.* Bayless. Serial beginning 
Aug. (40) Serial beginning Aug. 12; (25) Sept. 


New Stations the St. Louis San Francisco.* Aug. 
The Electrical Engineer and the Steam Road. Knowlton. (26) Aug. 
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Railroad—(Continued). 


Four-Cylinder Balanced Compound with Super-Heater.* (40) Aug. 

Substructure for the New Union Station, Washington.* (14) Serial beginning Aug. 

Extension the Third Rail System the Paris-Orleans Railway.* (17) Aug. 

Best Results Road Foremen Engines. (Paper read before the North- 
West Railway Club.) (18) Aug. 

Egyptian Railway Administration Cairo.* (18) Aug. 


Balanced Compound Locomotive for the Prussian State Railways.* (47) 


ug. 

The Guayaquil Quito Ry., Ecuador, South America.* John Harman. (13) 

Locomotive Trials with Superheated and Saturated Steam. (62) Aug, 

Review the Cast Iron Wheel Situation. Jr. Aug. 12. 

Passenger Terminal Long Island City.* (15) Aug. 12. 

and Motor Cars for the Paris-Orleans Railway Co.* Vingoe. 
73) Aug. 12. 

German peed Three Cylinder Compound Locomotive.* (18) Aug. 13. 

Electrical Fquipment the Northern City Ry.* (18) Aug. 13. 

The Mount Pilatus Railway, Switzerland.* Emile Guarini. (46) Aug. 13. 


New Termina! Works and Electric Traction the Paris Orleans Ry. Paris, France. 
(13) Aug. 


Hot Springs and the Simplon Tunnel.* (12) 

Coke Cars for the Chicago. Lake Shore Eastern.* (15) Aug. 19. 

Third-Rail Electric Heating System. William Greenow, Jr. (15) Aug. 19. 

Steam Railways England. Philip Dawson, Inst. (40) 
ug. 19. 

Maintenance Way the Panama Railroad.* (40) Aug. 19. 

New Roundhouse and Coal Chutes for the Ry. Oelwein, Ia.* (18) Aug. 20. 

Yards.* Kelley. (Paper read before the Ry. Club.) (18) 
ug. 


The Pennsylvania Railroad’s Track Construction for City Streets.* (14) Aug. 20. 

Power Piant the Mexican Central Shops Aguascalientes.* (14) Aug. 20. 

Heavy Six-Wheel Switcher for the York Central R.* (18) Aug. 20. 

The Springfield, Piqua Railway Co.* (72) Aug. 20. 

Screw Spikes for Railway Tracks.* Hermann von Schrenk. (13) Aug. 25. 

General Electric Company’s New Compensated Motor for Railway Service.* (13) Aug. 25; 
Aug. 26; (40) Aug. 26; (14) Aug. 27; (17) Aug. 27; (18) Aug. 27; (27) Aug. 27. 

for the Londonderrv and Lough Riilway.* (11) Aug. 26. 

Steam Motor Coaches, Midland Railway.* (12) Aug. 26. 

Concrete Block Freight House for the Chicago Great Western.* (15) Aug. 26. 

Ideal Blacksmith Shop and Equipment for General Railroad Work. McCaslin. 


(Abstract Paper read before the National Blacksmiths.) (15) Aug. 26. 
The Virginia Avenue Tunnel, Washington.* (14) Aug. 27. 


Freight Shed Umbrella Roof.* (14) Aug. 27. 

The Application Traction Light Railways. (17) Aug. 27. 

Report Committee Tank Cars.* (40) Aug. 26; 

27. 

Grade Reduction, Omaha and Springfield Divisions, Illinois Central R.* (18) Aug. 27. 

The Development the Compound Locomotive England.* Dalby. (9) Sept. 

Acetylene Lighting Railway Cars. Fisher. (Paper read before the South- 
ern and South Western Ry. Club.) (21) Sept. 

ton Hopper Wagons: Caledonian Railway.* (21) Sept. 

Badminton Station, Great Western Railway.* (21) Sept. 

Permanent Way for Belgian Light Railways.* (21) Sept. 


Highspeed Steel Railroad Shops: Its Great Advantages and How Obtain Them.* 
Henry (25) Sept. 


The Schenectady Super-Heater Locomotive.* (25) Sept.; (15) Sept (40) Sept. 

Passenger Locomotive, Michigan Central Railroad: 4-6-2 (Pacific) Type.* (25) Sept. 

Performance and Repairs Big (25) Sept. 

Cutting Test Metal Planer.* (25) Sept. 

Powerful Turret Lathe for Railway (25) Sept. 

Foreign High-speed Steam-locomotive Tests. Frank Mason. (41) Sept. 

Oil Railway Roadbeds. (60) Sept. 

The Ganz Rail Auto-Car.* (15) Sept. 

Chicago Freight Houses the Baltimore Ohio.* (15) Sept. 

Signal Batteries Summer.* H.S. Balliet. (15) Sept. 

Double Track Concrete Arch. (15) Sept. 

Extension Suburban Electric Traction, Paris-Orleans Railway.* (40) Sept. 

The New Organization the Rock Island System.* (14) Sept. 

The First Street Tunnel (14) Serial beginning Sept. 

Concerning Block Signal Practice. Campbell. (Abstract Paper read before 
the Iowa Ry. Club.) (18) 

Study Color Perception Relation Distant Signal Mortimer Frank. 
stract Paver read before the International Assoc. Ry. Surgeons and the Amer. 
Academy Ry. Surgeons.) (18) Sept. 


Heavy Passenger Locomotive: 2-6-2 Type: Chicago, Burlington Quincy Railway.* 


(25) Sept. 
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The Cattori System Electric Railways. (19) Sept. 

Year’s Work the Alaska Central Railway.* Swanitz. (13) Sept. 

Problem Locating Turnouts.* Kurtz. 13) Sept. 

Lightning and Automatic Block Signals. Balliet. Serial beginning Sept. 

New Cars for the Central South African Railroad.* Sept. 

The Pielock Superheater for Locomotives.* (40) Sept..9. 

Atlantic Locomotive for the Wabash.* (40) Sept. 

Wooden Ties: Selection Kinds and Processes Preservation. Hausser. (Re- 
printed from Bulletin the International Railway (40) Sept. 

The Railway Profile Considered with Reference Propelling Power. Wm. Pence. 
(Abstract Paper read before the Indiana Eng. Soc.) (14) Sept. 10. 

Steam for Locomotives Dean Mason. (19) Sept. 10; (18) 

Une Explosion Locomotive.* Bonnin. (36) July 

Calage des Roues des Locomotives Tenders.* 35) 

tiaux 

Note sur Electrique avec Circulation Courbe Com- 


Railroad, Street. 


The Birkenhead Electric Tramways.* Waude Thompson. (63) Vol. 156. 
Notes the Construction and Setting-out Tunnels the London Clay. Hardington 
Arthur Bartlett. (63) Vol. 156. 
The Electrical Reconstruction the South London the Conduit System.* 
Alexander Millar, Assoc. (63) Vol. 156 
Stairway Construction; New York Rapid Transit Railway Stations.* 
13) June 
Streets and Street Railways St. Louis.* (13) June 30. 
Chicago’s Underground Freight Railroad.* (20) Aug. 
The New Type Elevated Car Without Platforms, Boston Elevated Railway Company.* 
Aug. (17) (72) Aug. 20. 
City Owned Street Cars. Walter (14) 
New Power Plant New Orleans.* (17) Aug. 
Turbine Power Plant ‘for Dubuque, Iowa.* (17) Aug. 
14) 
Combination Semi-Convertible and Convertible Car for City Service.* 


The Sydney, South Wales.* (17) Aug. 

The Glasgow Tramways. (12) 

Raworth’s Patents.* (26) Aug. 12. 

Power Supply Tramways North London.* (73) Serial beginning Aug. 12. 

Steel aisson Omaha.* (14) Aug. 13. 

Extensive Improvements Elevated Equipments: Brooklyn Rapid Transit Com- 

pany.* Aug. 13. 

Hot Water versus Electric Heaters. R.P.Gorham. (17) Aug. 

Plant the Northwestern Elevated (17) 

Body Modern Interurban Cars.* Edward Boynton. 

the Harlem River Tunnel the New York Rapid Transit (14) 
ug. 20. 

Improvements Equipment the Brooklyn Elevated Cars.* (17) 


Notes Street Systems Buenos Aires.* emo Puente. 72) 
Power Plant the Interborough Rapid Transit Co., New (72) (64) 


the Power House the New Transit (14) 

The New York Rapid-Transit Subway.* (9) Sept. 

The Future Interurban Electric Railways. Ernest (15) Sept. 

Paint and Overhauling Shop: Philadelphia Rapid Transit Company.* 

Rails and Joints. William Cole. (17) Sept 


Illustrated. 


‘air Charles Alma Byers. (46) 
ug. 


New Material for the Insulation and Fire-Proofing Electric Cars.* (72) Aug. 20. 
Car House and Shops for the Twin Company.* (17) Aug. 27. 
Steel-Wheel Practice upon the New York City Surface Lines. (17) Aug. 27. 
Tests the Electric Railway Test Aug. 27. 
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Draining and Steadying Slips.* (15) Sept. 

Completion the New York Subway.* (46) Sept. 10. 
The Indiana Northern Traction Company.* (17) Sept. 10. 
Car House Fire Test Cleveland.* (17) Sept. 10. 


Sanitary. 


Bacterial Sewage-Disposal Works Ash, Dover.* Hugh Sextus Watson. (63) Vol. 156. 
Main Outfall-Sewer.* William Henry Haigh, Assoc. Inst. (63) 
ol. 156. 


Sewage Lifts Douglas.* (12) July 29. 

Plumbers’ Work, Past and Present. W.H. Allen. Aug. 

Water and Sewage Systems for the House and Stable Eugene 
Reynal, Esq., White Plains, Y.* (70) Aug. 

Tile Drain Pitkin. (76) Serial beginning. Aug. 

Small Sewage Disposal Plants.* (12) Aug. 

Highway across Tidal Flats Mass.* (14) Aug. 

Operation the Providence Sewage Precipitation Works. (14) Aug. 13. 

the Cost Cinders for Sewage Filter Beds. Ernest McCullough. (13) 

ug. 18. 

Sewage Disposal Country Estate.* (14) Aug. 20. 

Seaside Sewage Disposal. Arthur Martin, Assoc. Inst. (Abstract Paper 
read before the Royal Inst. Health.) (13) Aug. 25. 

English Fan System Sewer Ventilation. (14) Aug. 27. 

Sewage Purification.* (19) Aug. 27. 

Underdrainage the Base Best Soil Improvement. Billingsley. (Paper read 
before the National Brick Manufacturers’ Assoc.) (76) Sept. 

The New Garbage Cremator Toronto.* (14) Sept. 10. 


Structural. 


the Resistance Plane Surfaces Uniform Current Air.* Thomas Ernest 
Stanton, Assoc. Inst. (63) Vol. 156. 

The Use Steel American Lofty-Building Construction.* Thwaite, Assoc, 
(71) Vol. 65. 

Relations Between the Effects Stresses Slowly and Stresses Suddenly Ap- 

plied the Case Iron and Steel: Comparative Tests with Notched and Plain Bars.* 

Pierre Breuil. (71) Vol. Sup. 

The Effects the Baltimore Fire.* W.N. Hazen. (58) May. 

Load and Fire Test Reinforced Concrete Floor.* (13) June 30. 

Cement Submitted the American Society for Testing Materials. 
(13) June 30. 

Suggestions for Steel-Concrete Construction.* JohnC. Anderson. (1) July. 

The New York Times Building.* (8) July. 

Some Possible By-Products the Portland Cement Industry. (67) July. 

Some Attempts Limit the Personal Equation Cement Aiken. 
read before the Amer. Soc. for Testing Materials.) (67) July. 

Tests Reinforced Concrete Beams.* Arthur Talbot. (Paper read before the 
Amer. Soc. for Testing Materials.) (4) Aug.; (13) Aug. 11; (14) Aug. 

Apparatus and Wood.* (3) Aug. 

Concrete Retaining Wall with Buttresses.* (13) Aug. 

Statements Cement Manufacturers the Increased Cost Fine Grinding. (13) 


Aug. 

The American Creosote Works.* (14) 

Substructure for the New Union Station, Washington.* (14) Serial beginning Aug. 

The Constitution Portland Cement from Physico-Chemical Standpoint. Clifford 
Richardson. Paper read before the Assoc. Portland Cement Manufacturers.) (13) 
Aug. 11; (14) Serial beginning Aug. 13. 

Adhesion Timber Piles Concrete.* (12) Aug. 12. 

Early Use 000 Lb. Steel. Samuel Tobias Wagner. (Abstract Paper read before 
the Amer. Soc. for Testing Materials.) (62) Aug. 18. 

Tests Paint. (14) Aug. 20. 

Lessons the Baltimore Fire. John Stephen Sewell. (Abstract Paper read before 
the National Board Fire Underwriters.) (14) Aug. 20. 

Exposed Concrete Surfaces.* Buel and Charles Hill. 

13) Aug. 25. 

Some Accidents.* Edward Van Winkle, Assoc. Am. Soc. 
(13 Ug. #9. 

Derricks and Sheet Pile Drivers for Foundation Work.* (14) Aug. 27. 

Foundations the Power House the New York Rapid Transit (14) Aug. 27. 

Practical Cement Control. Chas. McKenna. (Paper read before the Amer. Soc. for 
Testing Materials.) (14) Aug. 27. 

Robert Doble. (Paper read before the Pacific Coast Ry. 

ub. 18) Aug. 27. 
New Process Manufacturing Silicate-of-Lime Stone from Sand. (19) Aug. 27. 
Building.* George Low. (60) Sept. 


Tilustrated. 
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Hydraulic Limes and Grappier Cements. Edwin Eckel, Assoc. Am. Soc. (60) 


ept. 

The Normandin Concrete Block Machine.* (60) Sept. 

Columns the Cathedral St. John the Divine, New York City.* (13) 

ept. 

Tests Beams. (Paper read before the Amer- 
Soc. for Testing Materials.) (14) (13) Sept. 

The Dam River Power and Manufacturing Company’s Plant.* (14) Sept. 

Constructing the Foundations the Trinity Building, New York.* (14) Sept. 

Tensile Impact Tests Metals.* Kendrick Hatt. (Paper read before the Amer- 
Soc. for Testing Materials.) (13) Abstract (15) Aug. 26. 

Steel Chimneys. Wynkoop Kiersted, Am. (14) Sept. 10. 


Magasins Société Coopérative 13-17, Rue Sambre-et-Meuse, 
Paris.* Rivoalen. (35) Aug. 


Topographical. 
Novel Method Making Relief Maps.* (46) Sept. 
Water Supply. 


The Zifta Barrage and Subsidiary Works.* Frederick Arthur Hurley, Assoc. Inst. 
C. E. (63) Vol. 156. 


Deposits Pipes and other Channels Conveying Potable Water.* James Campbell 
Brown. (63) Vol. 156. 

The Purification Water Highly Charged with Vegetable Matter; with Special Refer- 
ence the Effect Aeration.* Osbert Chadwick, Inst. E., and Bertram 
Blount, Assoc. (63) Vol. 156. 

Test 30-in. Premier Meter, the Testing Plant the National Meter Co.* Arthur 
Tuttle, Am. Soc. (13) June 16. 

Centrifugal Pumping Plant for the Water-Works Salle, (13) 

une 30. 

and Puddle Core Walls for Reservoir Embankments.* Wm. Watts, Inst. 


(Abstract Paper read before the British Assoc. Water-Works Engrs.) 
13) June 30. 


The Purification Water. John Ordway. (1) July. 

Gainsborough Waterworks.* (12) July 29. 

Water Supply Sewage Disposal Systems for the House and Stable Eugene 
Reynal, Esq., White Plains, Y.* (70) Aug. 

Laying Submerged Water Pipe North Tonawanda, Y.* (13) Aug. 

13) Aug. 

Methods Estimating Stream Flow.* John Hoyt, Assoc. (13) 


Aug. 
The Recent Failure Water-Works Dam Scottdale, Pa.* Willis Whited. (13) 


Aug. 

Open Wells and Turbine Pumps.* Dabney Maury, Am. (Abstract 
Paper read before the Amer. Water Works Assoc.) (14) Aug. (13) Aug. 18. 

and Concrete Steel Subway for Walter Baker Company, Limited.* (14) 

ug. 

Some American Figures the Operation Pumping Stations. Will Sando, 

The Guanajuato, Mexico, Power Transmission.* Robert McF. Doble. (27) Serial 
beginning Aug. Abstract (14) Aug. 

Irrigation Projects Egypt and the Soudan.* (12) Aug, 12. 

Steel Pile Caisson Omaha.* (14) Aug. 13. 

Modifications the Plan the New Croton Dam.* William Hill, Am. Soc. 
(Paper read before the Am. Water-Works Assoc.) (46) Aug. 

Treatment Reservoir the Butte Water Co. with Copper Sulphate. Eugene 
Carroll, Am. Soc. (13) Aug. 18. 

Damage the Stand Pipe Cobourg, Ont., and the Repairs Thereto. H.C. 
Hodgkins. (13) Aug. 18. 

The Philadelphia Filtration System.* (13) Aug. 18. 

Notes the Softening lowa Well Waters. Nicholas Knight. (13) Aug. 


18. 
and Utilization Ozone.* John B.C. Kershaw. (26) Serial beginning 


Tests DeLaval Centrifugal Pumps. (14) Aug. 20. 
Earth Dam Loam Core, Clinton. Mass.* (14) Aug. 20. 
Efficiency Trials Air-Lift Pumping Plant.* Richardson, Assoc. Inst. 
(Abstract Paper read before the British Assoc. Waterworks Engrs.) 


(47) Aug. 20. 

Movable Cylindrical Dams.* (From Nature.) (19) Aug. 20. 

The Glommen Power Works.* (12) Aug. 26. 

Diagram for the Flow Water Pipes.* Ernest (14) Sept. 
Cleaning Water Works Reservoir Dredging.* Marsh. (14) Sept. 
Recent Progress the New Croton Dam.* (14) Sept. 10. 

The Irrigation Development Egypt. (19) Sept. 10. 
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Water Supply—(Continued). 

36) July 25. 

des Conduites Service.* (33) Aug. 

Barrage Béton Barossa (Australie).* (33) Aug. 13. 

Emploi Sulfate Cuivre pour Destruction des Algues dans les Réservoirs d’Eau 
otable. (33) Aug. 13. 


Waterways. 


The Sanding-up Tidal Harbours.* Alfred Edward Carey, (63) Vol 156. 

Midland Railway Company’s Steamship Service.* (11) Serial beginning July 29. 

The Hydraulic Lift Lock the Trent Canal: The New Lock Peterborough, Ont.* 
John McClelland Bulkley. (14) Aug. 13. 


Mammoth Dredger used for Reclamation Work California.* William Lawson. 
(46) Aug. 20. 


The Waterway the Florida Coast Line Canal and Transportation Co.* George 
Miles. (13) Aug. 

Recent Russian Studies Flow Rivers. (13) Sept. 

Novel Canal Lift Foxton.* (46) Sept. 


Note sur Jetée Port Alger.* Gauckler. 


(43) Trimestre, 1904. 


Aron. (43) Trimestre, 


sur les Crues Delemer. (43) Trimestre, 1904. 
Dérocheuse Bassin Saint-Nazaire.* Léon Griveaud. (35) Aug. 
Essais Halage Electrique sur Canal Teltow.* (36) Aug. 25. 
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THE STRUCTURAL DESIGN BUILDINGS. 


PRESENTED OCTOBER 19th, 


The object this paper submit set specifications, for 
the structural work buildings, for discussion and criticism. 

this subject has never been brought before this Society, 
expected that exhaustive discussion will bring out some valuable 
suggestions from those who have had experience building construc- 
tion, and that this may result finally more uniform practice 
well more uniformity portion building ordinances 
relating structural work. 

These specifications were prepared originally for the instruction 
and guidance the engineers employed the various offices the 
company with which the writer connected. They were used 
not only places where building laws not exist, but also 
supplement those local building laws which not give sufficient 
data. 

Since then the writer has made changes and revisions, which, 
some instances, might regarded departures from the usual 

papers are issued before the date set for presentation and discussion. 
Correspondence invited from those who cannot present the meeting, and may 


sent mail the Secretary. Discussion, either oral written, will published 
subsequent number Proceedings, and, when finally closed, the paper, with dis- 


cussion full, will published Transactions. 
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practice, but, beyond this, has been his aim select what con- 
siders the best practice the present day. 

These specifications are intended cover only the structural 
features buildings the modern type, which steel forms part 
the construction, such would come naturally under the super- 
vision engineer, and, therefore, they are not intended for the 
building trade, but for the use educated engineers. 

proper and timely subject, included specifications for 
structural work buildings, that steel-concrete construction, 
which deal has been used later years fire-proof buildings, 
etc. However, this Society has recently appointed committee 
investigate and report this subject, was deemed advisable 
omit steel-concrete construction from these specifications until the 
committee’s investigations have given additional light the subject. 

The Appendix this paper contains, tabulated form, extracts 
from the various building laws which the writer has been able 
obtain the present time. will noticed that the most 
striking feature these building laws their lack uniformity 
the specified live load. The minimum live loads per square foot 
prescribed for floors dwellings, hotels and apartment houses vary 
from for floors office buildings, from 150 for 
public assembly rooms, churches and theaters, from 150 for 
schools, from etc. make the variation still greater, 
some building laws allow reduction for columns and founda- 
tions the permissible live loads specified for floors; others 
not. 

similar variation also exists the permissible unit strains al- 
lowed for different kinds material. 

order that the specifications may understood properly, 
will necessary explain some the more important clauses, and 
give the reasons which led the writer adopt them. 


Dead Load.—The dead load, the weight the structure itself, 
including permanent fixtures, can ascertained easily careful 
computation, and permanent and reliable quantity. 

Live has been called the great difference the 

live loads specified the various building laws for buildings 
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used for the same purpose, the differences being some cases more 
than 100 per cent. These differences should harmonized, and 
more rational method loading devised, which would produce 
structure ample strength, more particularly its details and con- 
nections, without waste material places where not needed. 

The writer’s attention was first called Theodore Cooper, Am. 
Soc. E., the irrational practice specifying uniform live load 
per square foot; thought the specified live loads should little 
more than mere guesswork. Since then the writer has been working 
with these suggestions, following the lines which have 
been recognized for years engineers specifying live loads for 
bridges. 

The possible maximum superimposed live loads buildings 
for special purposes, such warehouses stores for particular 
kinds goods, power-houses, department stores, etc., after their 
interior arrangement has been decided upon, can accurately deter- 
mined. 

However, there are classes buildings, the rooms which may 
occupied for various purposes various times, such office 
buildings, stores, hotels, apartment-houses, dwelling-houses, etc. 
Dwelling-houses are sumetimes used for offices, and rooms office 
buildings for light manufacturing purposes. 

While impossible foresee and provide for all possible con- 
tingencies, within the limits possibility provide for the 
varying conditions loading which may occur building used 
for the purpose for which was intended. 

Live Loads Blackall states*: 

The writer has repeatedly counted the number persons the 
various portions theatres and music-halls, without once finding, 
even crowded aisles and standing-room, average more than 
lb. per sq. ft. extended over more than few square feet.” 

This agrees also with the writer’s observations. 

live load Ib. per sq. ft., therefore, may considered the 
maximum load provided for distributed load for all floors 
which crowds people may expected congregate, such all 
kinds rooms dwelling-houses, apartment-houses, hotels, office 
buildings, schools, churches, theatres, concert halls, ballrooms, drill- 
rooms, 


American Architect, August 26th, 1893. 
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ough investigation the actual existing live loads three office 
buildings Boston. These loads were obtained taking the actual 
weights the furniture and contents and the greatest number 
people known any one time office, the average weight 
one person being estimated 150 lb. The greatest load was found 
one the offices the Ames Building, amounting per 
sq. ft. 

only 12.4% the offices was the floor load excess Ib. 
per sq. ft., and only 26% did exceed lb. per sq. ft. The great- 
est maximum average for all floors any one the three buildings 
was lb. per sq. ft. 

accordance with these data, may considered safe assume 
that distributed live load lb. per sq. ft. will sufficient 
provide for crowd people well for the ordinary loads carried 
floors used for offices similar purposes. 

The writer has investigated this subject and endeavored dis- 
cover extreme cases order find method concentrated loading 
cover the same. 

For this purpose, weights all kinds furniture were collected 
and their contents estimated. The weights were not taken they 
actually existed, but they would completely filled with the 
material for which they were intended. 

was found that the ordinary furniture, such desks, tables, 
wardrobes, counters, chests. small safes, etc., may discarded for 
extreme loads. The heaviest concentrated loads found any office 
were safes. 

The portable safes used offices rarely ever weigh more than 
000 with contents. This load may carried one beam, and, 
safe this weight likely placed any office, every floor 
joist should calculated for concentrated load 000 any 
position. 

The maximum weight safes generally used dwelling-houses 

The heaviest portable safe manufactured weighs Ib. and 

Safes such excessive weight, however, are not placed floors 
office buildings which special provisions are made for them, 
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unless arrangements are made distribute the load over least 
eral beams. 


offices, the weights all other furniture with contents not 
approach that safes. 

Only few cases combinations extreme loads were found 
produce results similar that concentrated load Ib. 
They were follows: 

large room used engineering office, number cases 
with drawers holding drawings were placed double row, back 
back, the middle the room, and used table which spread 
drawings. These cases were in. wide and in. high, weighing 
when completely filled 160 per lin. ft., both together 320 Ib. 
per lin. ft.; but their total width was in., they may considered 
being carried two beams. 

case drawers for drawings, in. and ft. high, com- 
pletely filled, would weigh 200 there possibility having 
whole row such cases placed along partition, this would give 
load 326 per lin. ft., which may extend the whole length ofa 
beam. 

The weight bookcase about ft. high was found 
170 1b. per lin. ft. when completely filled with books. 

row might placed each side partition for 
the whole length the room, which case the load would 340 
per lin. ft. the partition, instead running parallel the beams, 
should placed right angles them, and the beams are spaced 
the usual distance ft. apart, the concentrated load would 
only from 700 040 each beam. 

These investigations appear indicate that concentrated load 
000 Ib. any point beam, and uniform load about 340 
per lin. ft. beam, will probably cover all possibilities extreme 
loading floors used for office purposes. 

uniform loads per linear foot beam different spans: 

Uniform load per linear foot.... 500 
the span the beam ft. and more, then the load 340 Ib. 
per lin. ft. would govern. However, offices are rarely more than 
ft. long, and the probability having available continuous space 
more than ft. each side partition fully occupied with 
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bookcases, completely filled, extremely small; and when con- 
sidered that this load will not carried entirely one beam, the 
floor acting distributor, this may safely neglected, and may 
assumed that concentrated load 000 Ib. covers all ordinary 
contingencies. 

order have comparison between the system concentrated 
and the uniform loads usually specified, Table gives the 
equivalent loads per square foot for beams different lengths and 


spacing. 


DISTANCE BETWEEN CENTERS BEAMS, FEET. 


Span beam, 
feet. 
250 166 


The application concentrated load each beam has the addi- 
tional advantage having all beam connections proportioned for 
load 000 and, therefore, not only obtains stronger connections 
and additional stiffness, but also makes provision for excessive con- 
centrated loads during erection. 

concentrated load applied floor girders, that is, 
girders which carry beams, not sufficient cover all cases ex- 
treme loading. 

laying out great number arrangements office floors, with 
different spacings columns and beams, and applying different 
combinations maximum loads, was found uniform load 
per lin. ft. girder will generally cover all possible contin- 

gencies, unless the uniform load Ib. per sq. ft. gives greater 
results. 

The floor girders, therefore, have tried three methods 
order ascertain which gives the greatest result: 

First.—For concentrated load 000 

Second.—A uniform 000 Ib. per lin. 

Third. uniform load per sq. ft. floor area. 
This method loading, specified for office buildings, will also 
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provide ample safety any rooms should used for light manufac- 
turing purposes. 

applying, actual examples, the rules for floor loads office 
buildings, the writer, found, the columns 
are spaced ft. between centers either direction, and the beams 
ft. between centers, that the live load the beams will equiv- 
alent 100 and the girders per sq. floor area. 

the columns were spaced ft. between centers, and the beams 
ft., before, the live load would equal per sq. ft. the 
beams and Ib. per sq. ft. the girders. 

For buildings occupied dwellings, concentrated load 000 
Ib. for beams and uniform load 500 per lin. ft. 
for girders, connection with uniform floor load per sq. ft. 
ft. will scarcely ever exceeded crowd people, this load, 
with the excess loads specified for office buildings, will sufficient 
for floors schools, churches, theaters and places where seats are 
provided, but for places where strong vibrations may expected, such 
ballrooms, drillrooms, gymnasia, etc., 100% should added the 
uniform live load for impact and vibrations, and, order reduce the 
deflections, and consequently the vibrations, the depth the beams 
and girders should limited one-fifteenth their span. 


Loaps 


has been the practice many engineers and architects allow 
smaller live loads columns than those specified for the floor system, 
reduce the loads per square foot floor area columns from 
story story downward toward the foundations. Rules that effect 
are also incorporated some building laws. 

the specifications proposed the writer, the rules the New 
York building laws have been adopted, viz., reduce the live load 
columns buildings five stories high for each story 
(commencing with the columns carrying the second floor from the 
top), until reduction reached. 

order provide for any possible excessive loads, and keep 
the dimensions the lighter columns within reasonable limits, 
specified that columns carrying floor loads shall proportioned for 
minimum live load 000 Ib., and the proportion length divided 
least radius gyration section shall limited 125. 
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Applying these rules the columns office building gives, for 
the columns carrying the top floor, live load ft. 
floor area (unless this load exceeded load 
000 Ib.), which reduced minimum load Ib. per sq. ft. 
This agrees very closely with the investigations Messrs. Blackall 
and Everett, who found the average maximum live load any one 
office floor 40.2 Ib. per sq. ft., and the average total maximum for 
any one building lb. per sq. ft. 


Loaps 


Several failures, which have resulted from unequal settlement 
foundations, have demonstrated that the utmost importance 
that foundations should proportioned properly, more particularly 
those not solid rock, where settlement expected. The 
reason for some these failures was that the foundations were pro- 
portioned for the theoretical live loads, which never occurred. During 
construction, when the dead loads caused settlement, those founda- 
tions which received the smallest amount live load, therefore, were 
strained nearly the limit the permissible pressure, while those 
with large amount live load received very much smaller pressure 
per square foot, thus causing unequal settlement. 

For many years has been the practice reduce the live loads 
foundations less than the amounts allowed the footing 
columns, provision which also exists some building laws. How- 
ever, the average live load fire-proof building only (or 
less) per sq. ft., and the dead load the interior columns approxi- 
mately 100 per sq. ft., and exterior columns considerably more; 
and, the foundations have generally reached their maximum settle- 
ment before the building occupied, seems that the logically cor- 
rect way proportion foundations would consider the dead 
load only, but reduce the pressure per square foot that the permis- 
sible pressure for combined dead and live load will not exceeded. 
For example: 

The base that foundation which gets the greatest live load 
proportion the dead load has: 


100 000 live load, 
400 000 dead load, 


500 000 total load. 
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The permissible pressure the base the foundation tons, 
per sq. ft., and this foundation, therefore, would require 
area 125 sq. ft., which, the live load omitted, 
would give pressure 200 lb. per sq. ft. for dead load alone. 
Therefore, all foundations this building should proportioned 


that the pressure from the dead load alone will not exceed 200 
per sq. ft. 


Loaps. 

All structures are exposed high wind pressures occasionally, and 
there have been many disasters caused structures having been 
blown down the wind. this kind can traced 
inadequate provision the design resist these forces. not 
sufficient compute the wind strains the exposed surface the 
finished building and depend upon the walls and partitions for brac- 
ing. The steel frame building generally run ahead 


the walls and partitions. several instances the framework 


buildings has been wrecked during erection, has been blown out 
plumb and has had pulled back into place. Sometimes, tem- 
porary wooden braces temporary adjustable rods have been used 


hold the framework line during erection. one case the frame- 


work was flimsy and shaky that the erectors were afraid work 
it, and, order make safe during erection, tied together with 
wire ropes. Certainly, this was not good practice. The steel frame 
building should treated independent structure, the same 
the towers viaduct, and should able resist the wind forces 
all surfaces exposed during erection. This should accomplished 
substantial bracing, designing the columns and connections 
that they may able resist the bending strains produced 
wind pressure. temporary makeshifts should allowed. This 
method has the advantage imparting additional stiffness the 
framework. 

proportioning the members the structure for these temporary 
wind strains, permissible allow higher unit strain than for 


permanent work, say 000 per sq. in., about two-thirds the 
elastic limit. 


The permissible pressure allowed foundations different kinds 


soil, concrete, masonry, brickwork, etc., have been compiled 
from different sources. 
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The permissible unit strains steel are specified 000 Ib. per 
sq. in., which approximately one-half the elastic limit; therefore, 
giving factor safety accordance with the best prac- 
tice now vogue for bridge work. 


AND WORKMANSHIP. 


was not deemed necessary include these specifications the 
quality the ordinary building material, such cement, concrete, 
stone masonry, brickwork, etc., most that material local 
character and generally well covered architects’ and engineers’ 
specifications. 

Cast Iron.—This practically ruled out these specifications, 
the poorest all metals used for structural purposes resist 
bending and tension. has been the cause several disasters, and, 
bridge work, has been entirely abandoned for many years. The use 
cast iron columns with the usual beam connections partic- 
ularly condemned, the beams are supported lugs brackets cast 
the columns, thus producing eccentric loading and bending strains. 

Rolled —This material, the grade called structural steel,” 
adopted the American Railway Engineering and Maintenance-of- 
Way Association for bridge material, specified for all structural 
parts, considered the most reliable for structural purposes. 
moreover, commercial article which can purchased from any 
reputable manufacturer without extra cost. 

The specifications for material and workmanship are practically the 
same those adopted the American Railway Engineering and 
Maintenance-of-Way Association, far they were applicable 
structural work for buildings. 


These specifications are divided into two parts: 


Part contains the information necessary for computation 
and such loads, unit strains and details construction. 

Part covers the quality material, the workmanship and 
the inspection. 

This division made that each part may used separately: 
Part the office, the designer, and Part the shop, the 
manufacturer and inspector, and, for this reason, the paragraphs 
each part are numbered separately. 


i 
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GENERAL SPECIFICATIONS FOR STRUCTURAL STEELWORK 
BUILDINGS. 


PART I.—DESIGN. 


Loaps. 


1.—Dead Load.—The load all structures shall consist 
the weight walls, floors, partitions, roofs and all other perma- 
nent construction and fixtures. 

2.—In calculating the loads, the weights the different 
materials shall assumed given Table 16. 

3.—Live Load Floors.—Table gives the load floors, 


assumed for different classes buildings. 


These loads consist 
of: 
a.—A uniform load per square foot floor area; 


b.—A concentrated load which shall applied all points 
the floor; 


c.—A uniform load per linear foot for girders. 
The maximum result used calculations. 


The specified concentrated loads shall also apply the floor con- 
struction between the beams for length ft. 


TABLE Loaps. 


Classes buildings. 


Distributed Load per linear 
load. load. foot girder. 
Dwellings, hotels and 000 500 
Assembly rooms with fixed seats, 
Assembly rooms, without fixed seats, like 
ballrooms, gymnasia, armories, etc..... 000 000 
Stables and carriage houses............... 000 000 
Ordinary stores and light manufacturing. 900 
Warehouses and factories................. from 120 Special. Special. 
Power-houses, for uncovered floors........ 


The actual weights en- 
boilers, stacks, shall 

used, but case less 
than 200 per sq. ft. 


heavy concentrations, like safes, armatures, ma- 


chinery, are likely floors, provision should made for 
them. 
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5.—Crane Loads and structures carrying traveling 
machinery, such cranes, conveyors, etc., 25% shall added the 


strains resulting from such live load, provide for the effects im- 


pact and vibrations. (For crane loads, see Table 17.) 

6.—Loads Flat roofs office buildings, hotels, 
apartment-houses, etc., which are likely loaded crowds 
people, shall treated floors, and the same live loads shall 
used specified for hotels and dwelling-houses. 

7.—Loads Ordinary Roofs.—Ordinary roofs shall propor- 
tioned carry the following loads per square foot exposed surface, 
applied vertically, provide for dead and live loads combined: 


position boards, steep pitch, more than3 in. 
roofing. 3-in. flat tile cinder concrete.......... 


late. 
3-in. flat tile cinder concrete.......... 


For roofs climates where snow likely occur, reduce the 
foregoing total loads Ib. per sq. ft. 
8.—Large roofs, such train-sheds, armories, pub- 
lic halls, etc., shall proportioned carry, addition their own 
weight: 
live load, representing snow, per horizontal square foot 
roof of: 
for all slopes not exceeding 35°; 
lb. for all slopes between and degrees. 


The possibility partial snow loading has considered. 
The snow load can neglected certain climates, also roofs 
ing slopes exceeding 45°, there are snow guards other ob- 
structions, 

9.—Loads on. columns, the uniform live 
loads per foot shall used, with minimum 000 Ib. per 
column. 

10.— Reduction Live Load Columns. building more than 
five stories height, these live loads may reduced follows: 
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For roof and top floor, reduction; 

For each succeeding lower floor, areduction until 50% 
reached, which used for the columns all re- 
maining fioors, viz., the reduced load used for 
the total floor area carried the column. 

11.—Loads Foundations.—The live loads foundations shall 
assumed the same for the footings columns. The areas 
the bases the foundations shall proportioned for the dead load 
only. That foundation which receives the largest ratio live dead 
load shall selected and proportioned for the combined dead and 
live loads. The dead load this foundation shall divided the 
area thus found, and this reduced pressure per square foot shall 
the permissible working pressure used for the dead load all 
foundations. 
Pressure.—The wind pressure shall assumed 
Ib. per sq. ft. acting either direction horizontally: 
First.—On the sides and ends buildings and the actually ex- 
posed surface, the vertical projection roofs; 
Second.—On the total exposed surfaces all parts composing the 
metal framework. The framework shall 
independent structure, without walls, partitions 


Substructure. 
13.—Foundations.—Permissible pressure foundations, tons 
per square foot: 


Ordinary clay and dry sand mixed with clay .......... 
Dry sand and dry clay 
Hard clay and firm, coarse sand .............. 
Firm, coarse sand and 


working pressure masonry, tons 
per square foot: 


Common brick, lime 

Hand-burned brick, Portland cement mortar......... 
Rubble masonry, lime 

Portland cement mortar............ 


Coursed rubble, Portland cement mortar 
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Concrete for walls: 


15.—Pressure pressure beams, girders, 


wall-plates, column bases, etc., masonry shall not exceed the fol- 


lowing, pounds per square inch: 


brickwork with cement mortar.............. 150 
rubble masonry with cement mortar........ 150 
Portland cement concrete............ 250 
first-class masonry, sandstone.............. 200 300 


16.—Bearing Power maximum load carried any 
pile shall not exceed Piles driven loose, wet soil shall 


not strained more than 350 lb. per sq. in. their average 


cross-section. 


The safe load wooden piles shall determined the fol- 


lowing formula:* 


Where safe load pile, tons; 


distance free fall hammer, feet; 


penetration the pile for the last blow, inches. 


Superstructure. 
Steel. 


17.—Permissible Strains.—All parts the structure shall pro- 
portioned that the sum the dead and live loads, together with 
the impact, any, shall not cause the strains exceed those given 


the following table: 

Pounds per 

square inch. 
Tension, net section............. 000 
Shear, plate-girder web (gross 000 
Bearing pressure, pins and rivets............ 000 
Bearing pressure, bolts............ 


*Engineering News formula. 
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18.—For wind bracing, and the combined strains due wind 
and the other loading, the permissible working strains may increased 
000 lb. for direct compression tension. 

19.—Permissible Compression Strains.—For compression members, 
these permissible strains 000 and 000 per sq. in. shall 
reduced the following formula: 


Where permissible working strain per square inch compres- 

sion; 
length piece, inches, from center center con- 
nections; 
20.—Provision for Eccentric Loading.—In proportioning columns, 
provision must made for eccentric loading. 
Rollers.—The pressure per linear foot expansion 
rollers shall not exceed 600 where diameter rollers, inches. 

floor, wall other weight rests directly the chord truss, said 
chord shall proportioned that the sum the strains per square 
inch the outer fiber, resulticg from direct compression tension, 
and three-fourths the maximum bending moment (the chord being 
considered beam one panel length, supported the ends) shall 
not exceed the limiting strains tension compression, the 
proper amount impact, any, being added each kind loading. 

23.—The bending moments panel points shall assumed equal 
that the center, but opposite direction. 

—Combined Strains.—All other members which are subject 
direct strain, addition bending moment, shall calculated 
similar manner, 

and connections subject 
alternate strains shall proportioned for the strain giving the 
largest section. 

26.— Net Sections. —Net sections must used calculating tension 
members, and, deducting riyet holes, they must taken in. 
larger than the nominal size of.the rivets. 
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{ 


Papers.] STRUCTURAL DESIGN BUILDINGS. 689 


27.—Pin-connected riveted tension members shall have net section 
through the pin holes 25% excess the net section the body 
the member. The net section back the pin hole shall least 
0.75 the net section through the pin hole. 

28.—Compression Members Limiting compression mem- 
ber shall have length exceeding 125 times its least radius gyration, 
except those for wind and lateral bracing, which may have length 
not exceeding 150 times the least radius gyration. 

Girders.—Plate girders shall proportioned the 
assumption that one-eighth the gross area the web available 
flange area. ‘The compression flange shall have the same sectional 
area the tension flange, but the unsupported length the flange 
shall not exceed times its width. 

30.—In plate girders used crane runways, the unsupported 
length the compression flange shall not exceed times its width. 

31.— Web web shall have stiffeners the ends 
inner edges bearing plates, and all points concentrated loads, 
and also intermediate points, when the thickness the web less 
than one-sixtieth the unsupported distance between flange angles, 
generally not farther apart than the depth the full web plate, with 
minimum limit ft. 

32.—Rolled and channels used beams gird- 
ers, shall proportioned their moments inertia. 

Depth Beams and depth rolled 
beams floors shall not less than one-twentieth the span, and 
used roof purlins, not less than one-thirtieth the span. 

case floors subject shocks and vibrations, the depth 
beams and girders shall limited one-fifteenth the span. 

Connections.—In field connections, the number rivets 
shall increased per cent. 


Cast Iron. 


35.—Compression Cast Iron.—The direct compression cast 
iron shall not exceed 000 per sq. in. 


Timber. 


timber parts the structure shall propor- 
tioned accordance with the unit strains Table 
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Trans- End Columns Bearing Shear 
Kind timber. verse bearin under along 


Long-Leaf Pine............. 500 
White Pine and Spruce..... 000 000 700 200 100 


37.—Columns, the length which exceeds twelve times their 
diameter, shall proportioned the following formula: 


= P 
000 


Where unit strains, given Table for short columns; 


least side column, inches. 
thickness floor and roof planking, see 
Table 18. 


DETAILS CONSTRUCTION. 


39.—Minimum Thickness Material.—No steel less than in. thick 
shall used, except for lining filling vacant spaces. 

40.—Adjusiable Members.—Adjustable members any part 
structures shall preferably avoided. 

41.—Symmetrical Sections.—Sections shall preferably made 


symmetrical. 
42.—Connections.—The strength connections shall sufficient 


develop the full strength the member. 
43.—No connection, except lattice bars, shall have less than two 


rivets. 
44.—Floor beams shall generally rolled steel 
beams, and the ends shall attached the webs the floor girders 


with angle connections. 

45.—For fire-proof floors,they shall arranged, spacing and 
length, that the dead and live loads together shall not cause 
greater deflection the beams than in. per foot span. They 


shall tied together with tie-rods intervals not exceed- 
ing eight times the depth the beams. 


Holes for tie-rods, where the 


‘ 


construction the floor permits, shall spaced about in. above the 
bottom the beam. 

46.—Beam more than one rolled beam used 
form girder, they shall connected bolts and separators 
intervals not more than ft. All beams having depth and 
more shall have least two bolts each separator. 

47.— Ends Beams and Girders.—Wall ends sufficient 
number joists and girders shall anchored securely, impart 
rigidity the structure. 

48.— and Column Bases.—Wall-plates and column bases 
shall constructed that the load will well distributed over the 
entire bearings. they not get the full bearing the masonry, 
the deficiency shall made good with rust cement Portland cement 
mortar. 

49.—Floor Girders.—The floor girders may rolled beams 
plate girders; they shall preferably riveted bolted columns 
means connection angles. Shelf angles other supports may 
provided for convenience during erection. 

50.—Flange Plates.—The plates all girders shall limited 
width, not extend, beyond the outer line rivets connect- 
ing them the angles, more than more than eight times the 
thickness the thinnest plates. 

51.— Web Stiffeners.—Web stiffeners shall and shall 
have close bearing against. the ‘flange angles. Those over the end 
bearing, forming the connection between girder and column, shall 
fillers. Intermediate stiffeners may fillers crimped 
over the flange angles. The rivet pitch stiffeners shall not more 
than in. 

52.— Web plates girders must spliced all 
points plate each side the web, capable transmitting the 
full strain through splice rivets. 

53.—Columns.—Columns shall designed provide for 
effective connections floor beams, girders brackets. 

They shall preferably continuous over several stories. 

Splices.—The splices shall strong enough resist 


the bending strain and make the columns practically continuous for 
their whole length. 


55.—Trusses.—Trusses shall preferably riveted structures, 
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Heavy trusses, long span, where the riveted field connection would 
become unwieldy, for other good reasons, may designed pin- 
connected structures. 

56.—Symmetrical Sections.—Main members trusses shall 
designed that the neutral axes intersecting members shall meet 
common point. 

57.—Roof Trusses.—Roof trusses shall braced pairs the 
plane the chords. 

Purlins shall made shapes, riveted-up plate, lattice 
girders. 

Trussed purlins will not allowed. 

eye-bars pin-connected trusses composing 
member shall nearly parallel the axis the truss pos- 
sible. 

59.—- Spacing minimum distance between centers 
rivet holes shall three diameters the rivet; but the distance shall 
preferably not less than in. for rivets, in. for rivets, 
in. for §-in. rivets and in. for rivets. 

60.—For angles with two gauge lines, the maximum shall twice 
great given Section each line with rivets staggered; and, 
where two more plates are used contact, rivets not more than 
in. apart any direction shall used hold the plates together. 

61.—The pitch the rivet, the direction the strain, shall not 
exceed in., nor 16times the thinnest outside plate connected, and not 
more than times that thickness right angles the strain. 

—Edge Distance.—The minimum distance from the center 
any rivet hole sheared edge shall in. for rivets, in. 
for rivets, in. for §-in. rivets and in. for rivets, and 
the rolled edge, 14, 14, and in., respectively. 

63.—The maximum distance from any edge shall eight times the 
thickness the plate. 

64.—Maximum Diameter.—The diameter the rivets any angle 
calculated strains shall not exceed one-quarter the width 
the leg which they are driven. minor parts, rivets may 
in. greater diameter. 

65.— Pitch Ends.—The pitch the ends built com- 
pression members shall not exceed four diameters the rivets for 
equal one and one-half times the maximum width the 

member. 
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66.— The open sides compression members shall 
provided with lattice having tie-plates each end and interme- 
diate points where the lattice interrupted. The tie-plates shall 
near the ends practicable. main members, carrying calcu- 
lated strains, the end tie-plates shall have length not less than the 
distance between the lines rivets connecting them the flanges, 
and intermediate ones not less than half this distance. 

Their thickness shall not less than one-sixtieth the same dis- 
tance. 

thickness lattice bars shall not less than 
one-fortieth for single lattice and one-sixtieth for double lattice, the 
distance between end rivets; their width shall accordance with 
the following: 


For 15-in. channels, built sections with 
and 4-in. angles 

For 12, and 9-in. channels, built 
sections with 3-in. angles 

For and 7-in. channels, built sec- 
tions with angles 


For and 5-in. channels, built sec- in. rivets). 


tions with 2-in. angles 

68.—Lattice bars with two rivets shall generally used flanges 
more than in. wide. 

69.—Angle Lattice.—The inclination lattice bars with the 
axis the member, generally, shall not less than 45°, and when the 
distance between the rivet lines the flanges more than in., 
single rivet bar used, the lattice shall double and riveted the 
intersection. 

70.—Spacing Lattice.—The pitch lattice connections, along the 
flange divided the radius gyration the flange angle about 
axis, through its center gravity, perpendicular the plane the 
lattice, shall less than the corresponding ratio the member 
whole. 

71.—Faced joints compression members when 
faced for bearing shall spliced sufficiently hold the connecting 
members accurately place. 

other joints riveted work, whether tension com- 
pression, shall fully spliced. 
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73.—Pin Plates.—Pin holes shall reinforced plates where 
necessary; and least one plate shall wide the flange will 
allow. Where angles are used, the plates shall the same side 
the angles; they shall contain sufficient rivets distribute their por- 
tion the pin pressure the full cross-section the member. 

shall long enough insure full bearing 
all parts connected upon the turned-down body the pin. 

packed pins shall held against lateral move- 
ment. 

76.—Bolts.—Where members are connected bolts, the body 
these bolts shall long enough extend through the metal. 
washer least in. thick shall under the nut. 

77.—Filiers.—Fillers between parts carrying strain shall have 
sufficient number independent rivets transmit the strain the 
member which the filler attached. 

shall made for expansion and con- 
traction, corresponding variation temperature 150° fahr., 
where necessary. 

79.—Rollers.—Expansion rollers shall not less than in. di- 
ameter. 

80.—Stone Bolts.—Stone bolts shall extend not less than in. into 
granite pedestals and in. into other material. 

which are strained tension their 
base shall anchored the foundations. 

82.—Anchor bolts shall long enough engage mass 
masonry, the weight which shall one and one-half times the 
tensile strain the anchor. 

83.—Bracing.—Lateral, longitudinal and transverse bracing all 


structures shall preferably composed rigid members. 


4 
q 
q 
a 
q 
q 
7 


Papers. STRUCTURAL DESIGN 


PART AND WORKMANSHIP. 


MATERIAL. 


parts the structures shall rolled steel, except 
column bases, bearing plates minor details, which may cast 
iron cast steel. castiron shall used pieces which will have 
resist tension bending strains. 
Manufacture.—Steel may made the open-hearth 
the Bessemer process. 


3.—The chemical and physical properties shall conform the 
limits given Table 


TABLE 


Chemical 


propert Structural steel. 


Rivet steel. Steel castings. 


Phosphorus, maximum.. 
Sulphur, maximum........... 


Ultimate tensile strength, 


0.04 per cent. 
0.08 per cent. 
0.05 per cent. 


0.04 per cent. 
0.04 per cent. 
0.04 per cent. 


per cent. 
0.08 per cent. 
0.05 per cent. 


Desired Desired 
000 000 


Not less than 
000 


Pounds per square 


Elongation: 
age in2in 
Character fracture......... Silky 
Cold bends without fracture..... 180° 


Silky fine 


12. 


See Paragraph 16. 


4.—The yield point, indicated the drop beam, shall re- 
corded the test reports. 

5.—Allowable Variations.—Tensile tests steel showing ulti- 
mate strength within 000 that desired will considered satis- 
factory. 

determinations the percent- 
ages carbon, phosphorus, sulphur and manganese shall made 
the manufacturer from test ingot taken the time the pouring 
each melt steel, and correct copy such analysis shall 
furnished the engineer his inspector. 

7.—Form Specimens for Plates, Shapes and Bars.—Specimens for 
tensile and bending tests, for plates, shapes and bars, shall made 
cutting coupons from the finished product, which shall have both 
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faces rolled and both edges milled the form shown Fig 
with both edges parallel; they may turned to.a diameter in. 
for length least in., with enlarged ends. 

8.— Rivets.—Rivet rods shall tested rolled. 

Pins and shall cut from the finished rolled 
forged bar, such manner that the the specimen shall 
lin. from the surface the bar. The specimen for the tensile test 
shall turned the form shown Fig. The specimen for the 
bending test shall in. in. section. 


About _Parallel Section 


9.—Steel Castings.—The number tests will depend the charac- 
ter and importance the castings. Specimens shall cut cold from 
coupons moulded and cast some portion one more castings from 
each melt, from the sink-heads, the heads are sufficient size. 
The coupon sink-head, used, shall annealed with the casting 
before cut off. Test specimens shall the form prescribed for 
pins and rollers. 

10.—Annealed Specimens.—Material which used without 
annealing further treatment shall tested the condition 
which comes from the rolls. When material annealed 
otherwise treated before use, the specimen for tensile tests repre- 
senting such material shall cut from properly annealed similarly 
treated short lengths the full section the bar. 

11.—Number Tesis.—At least one tensile and one bending test 
shall made from each melt steel rolled. case steel differing 
and more thickness rolled from one melt, test shall 
made from the thickest and thinnest material rolled. 
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12.— Modifications Elongation.—For material less than in. and 
more than in. thickness, the following modifications will al- 
lowed the requirements for elongation: 

a.—For each in. thickness below deduction 
will allowed from the specified elongation. 
b.—For each in. thickness above in., deduction 
will allowed from the specified elongation. 
c.—For pins and rollers more than in. diameter, the elonga- 
tion may less than that specified Paragraph 
13.—Bending Tests.—Bending tests may made pressure 
blows. Plates, shapes and bars less than in. thick shall bend 
called for Paragraph 

14.—Thick Material.—Full-sized material, for eye-bars and other 
steel in. more thickness, tested rolled, shall bend cold 180° 
around pin the diameter which equal twice the thickness 
the bar, without fracture the outside the bend. 

15.—Bending Angles.—Angles in. and less thickness shall open 
flat, and angles in. and less thickness shall bend shut, cold, under 
blows hammer, without sign fracture. This test will made 
only when required the inspector. 

16.—Nicked Bends.—Rivet steel, when nicked and bent around 
bar the same diameter the rivet rod, shall give gradual break 
and fine, silky uniform fracture. 

17.—Finish.—Finished material shall free from injurious seams, 
flaws, cracks, defective edges, other defects, and shall have 
smooth, uniform, workmanlike Plates in. and less width 
shall have rolled edges. 

18.—Stamping.—Every finished steel shall have the melt 
number and the name the manufacturer stamped rolled upon it. 
Steel for pins and rollers shall stamped the end. Rivet and 
lattice steel and other small parts may bundled with the above 
marks attached tag. 

19.—Defective which, subsequent the fore- 
going tests the mills, and its acceptance there, develops weak spots, 
brittleness, cracks other imperfections, found have 
injurious defects, will rejected the shop, and shall replaced 
the manufacturer his own cost. 


20.— Allowable Weight.—A variation cross-section 
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weight each piece steel more than 24% from that specified 
will sufficient cause for rejection. 

21.—Cast castings shall made tough, gray iron, 
free from injurious cold-shuts blow-holes, true pattern and 
workmanlike finish. Test pieces in. square shall capable 
and least 0.15 in. before rupture. 


22.—General.—All parts forming structure shall built 
accordance with approved drawings. The workmanship and finish 
shall equal the best practice modern bridge works. 

23.—Straightening shall thoroughly straight- 
ened the shop, methods which will not injure it, before being 
laid off worked any way. 

24.—Finish.—Shearing shall done neatly and accurately, and 
all portions the work exposed view shall finished neatly. 

25.—Rivets.—The size rivets called for the plans shall 
understood mean the actual size the cold rivet before heating. 

26.—Rivet Holes.—The diameter the punch for material not more 
than in. thick shall not more than in., the die more 
than in., larger than the diameter the rivet. more than 
in. thick, except minor details, shall sub-punched and reamed 
drilled from the solid. 

shall done accurately. Slight inac- 
curacy the matching holes may corrected with reamers. 
Drifting enlarge unfair holes will not allowed. Poor matching 
holes will cause for rejection, the option the inspector. 

members shall have all parts well 
pinned and firmly drawn together with bolts before riveting 
commenced. Contact surfaces shall painted. (See Paragraph 52.) 

Bars.—Lattice bars shall have neatly rounded ends, 
unless otherwise called for. 

30.— Web shall fit neatly between the flanges 
girders. Where tight fits are called for, the ends the stiffeners 
shall faced and shall brought true contact bearing with the 
flange angles. 


Plates and Fillers. splice plates and fillers under 
stiffeners shall cut fit within in. flange angles. 


4 
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32.—Connection angles for floor girders shall 
flush with each other and correct position and length 
girder. 

shall driven pressure tools wherever 
possible. Pneumatic hammers shall used preference hand 
driving. 

shall look neat and finished, with heads ap- 
proved shape, full, and equal size. They shall central the 
shank and shall grip the assembled pieces firmly. Recupping and 
caulking will not allowed. Loose, burned, otherwise defec- 
tive rivets shall cut out and replaced. cutting out rivets, great 
care shall taken not injure the adjoining metal. necessary, 
they shall drilled out. 

35.—Turned bolts are used place rivets 
which transmit shear, such bolts must have driving fit. washer 
not less than in. thick shall used under the nut. 

36.— Members Straight.—The several pieces forming one built 
member shall straight and shall fit closely together, and finished 
shall free from twists, bends open 

Joints.—Abutting joints shall cut dressed true 
and straight and fitted close together, especially where open view. 
compression joints depending contact the surfaces shall 
truly faced, have even bearings after they are riveted 
complete and when perfectly aligned. 

shall straight and size, and shall 
free from twists, folds the neck head, any other defect. 
Heads shall made upsetting, rolling forging. Welding will 
not allowed. The form the heads determined the dies 
use the works where the eye-bars are made, satisfactory the 
engineer, but the manufacturer shall guarantee the bars break 
the body with silky fracture, when tested rupture. The 
thickness the head and neck shall not vary more than in. from 
the thickness the bar. 

39.—Boring Eye-Bars.—Before boring, each eye-bar shall per- 
fectly annealed and carefully straightened. Pin holes shall the 
center line bars and inthe center heads. Bars the same length 
shall bored accurately that, when placed together, pins in, 
smaller diameter than the pin holes can passed through the holes 
both ends the bars the same time. 
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40.—Pin Holes.—Pin holes shall bored true gauges, smooth 
and straight; right angles the axis the member, and par- 
allel each other, unless otherwise called for. Wherever possible, 
the boring shall done after the member riveted up. 
41.—The distance from center center pin holes shall correct 
within in., and the diameter the hole not more than in. larger 
than that the pin, for pins in. diameter, and in. for 
larger pins. 
42.—Pins and and rollers shall turned accurately 
gauges, and shall straight, smooth and entirely free from flaws. 
43.— Pilot Nuts.—At least one pilot and driving nut shall fur- 
nished for each size pin for each structure. 
Threads.—Screw threads shall make tight fits the 
nuts, and shall United States standard, except the ends pins 
and for bolts more than in. diameter, for which six threads per 
inch shall used. 
45.—Annealing.—Steel, except minor details, which has been 
partially heated shall properly annealed. 
46.—Steel steel castings shall annealed. 
47.— Welds.— Welds steel will not allowed, 
bed-plates shall planed true and 
smooth. Cast wall-plates shall planed top and bottom. The 
cut the planing tool shall correspond with the direction expan- 
sion. 
nuts, bolts, rivets and other small 
details shall boxed crated. 
50.— Weight.—The weight every piece and box shall marked 


51.—Shop Painting.—Steelwork, before leaving the shop, shall 
thoroughly cleaned and given one good coating pure linseed oil, 
such paint may called for, well worked into all joints and open 
spaces. 

52.—In riveted work, the surfaces coming contact shall 
painted before being riveted together. 

53.—Pieces and parts which are not accessible for painting after 


erection, shall have two coats paint before leaving the shop. 
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54.—Steelwork embedded concrete shall not painted. 
55.—Painting shall done only when the surface the metal 
perfectly dry. shall not done wet freezing weather, unless 
protected under cover. 
56.—Machine-finished surfaces shall coated with white lead and 
tallow before shipment, before being put out into the open air. 
the structure erected, the metalwork 
shall painted thoroughly and evenly with additional coat 


paint, mixed with pure linseed oil, such quality and color may 
selected. 


INSPECTION AND TESTING. 


58.—The manufacturer shall furnish all facilities for inspecting 
and testing the weight, quality material and workmanship. 
shall furnish suitable testing machine for testing the specimens, 
well prepare the pieces for the machine, free cost. 

inspector furnished the purchaser, shall 
have full access all times all parts the works where material 
under his inspection manufactured. 

60.--The purchaser shall furnished with complete copies mill 
orders, and material shall rolled and work done before 
has been notified where the orders have been placed, that 
may arrange for the inspection. 

purchaser shall also furnished with complete shop 
plans, and must notified well advance the start the work 
the shop, order that may have inspector hand inspect 
the material and workmanship. 

62.—Complete copies shipping invoices shall furnished 
purchaser with each shipment. 

63.—If the inspector, through oversight otherwise, has ac- 
cepted material work which defective contrary the specifi- 


cations, this material, matter what stage completion, may 
rejected the purchaser. 


64.—Full-sized parts the structure may tested the option 
the purchaser. tested destruction, such material shall paid 
for cost, less its scrap value, proves satisfactory. 
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does not stand the specified tests, will considered 
rejected material, and solely the cost the contractor, unless 
not responsible for the design the work. 

66.—In eye-bar tests, the ultimate strength, the elastic limit and 
the elongation ft., unless different length called for, shall 
recorded. 


67.—In transverse tests, the lateral and vertical shall 
recorded. 


q 
4 
j 
| 
| 


STRUCTURAL DESIGN BUILDINGS. 


APPENDIX 


EXTRACTS FROM THE Laws. 


City. Year. 


Table and all following tables: 

Stress, pounds per square inch; 

External diameter, least side rectangle, inches; 

Least radius gyration column section. 
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PER 


Lodging houses, apartment 

houses, tenement houses, ho- 

Halls, dining-rooms, cafés, of- 

fices, etc., hotels and apart- 

Office buildings, first floor..... 150 100 100 150 
buildings, above first 

Halls lobbies office build- 

assembly rooms: 

churches, theaters, etc....... 100 120 100 100 110 150 120 
Machine armories, drill- 

Light manufacturing and 

Roofs, per foot super- 

Roofs, square foot hori- 


Wind Loads. 


> 
me, as 
aft & 
5 Ean 
ox 
RRR Oa 


Lower supports carry two-thirds total weight. 
Pitch less than degrees. 


Pitch more than degrees. Also horizontal wind pressure Ib. per sq. ft. 


DA 


¥ 

0! 
Ci 


Live Loaps UNDER More THAN THREE 


New District 
Structure. York. Chicago. Col St. Louis. 


Warehouses and 100% 


Souza 100% 
Cnurches, schoolhouses and places 


Live Loaps 


New York. 


For roof and top-floor 
For each succeeding load. 

lic reduction until live load and pro- 
more than 50% live load re- portionately for inter- 
stories inheight.; mains, which mini- mediate floors. 

mum. 


80% load. (Does not apply 


Philadelphia Law: For all tenant houses, hotels, apartment houses, hospitals and 
office buildings, the live loads columns, girders and foundations, may 
the formula, 100 and for light manufacturing buildings the formula, 
carried any girder, column foundation. 

For permissible loads Milwaukee Law, see Table 


Pe 
| 
i 
| 
St. Louis. 
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TENEMENT ANO AND OFFICE BUILDINGS. 


NUMBER STORIES BUILDING. 


the first any other story used fora store, hall, for other business pur- 


poses, the full live 100 


porting columns. 


per sq. ft. shall considered acting sup- 


Pape 


Soft 
Dry 
Clay 
Cem 
| 
Oak 
* 


Papers, 


Bearing Material. 

A 

clay with wet sand.. 
Dry sand...... 


Sand and gravel.............. 
Cemented gravel............. 
Gravel and sand (well 
Rock, through earth (open 


foundations............ 
Dimension stones foundations. 
Dressed foundation stones, cement 


Maximum pressure one pile. 


Steel beams concrete, foundations 
Oak timber grillage piles.......... 
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Buffaio. 


200 


Safe sustaining power one pile, tons, is: 


TONS PER SQUARE Foor. 


Mpls. 


Penetration, inches (under last in. 


Dist. 
Colum. 


CO DD 


Allowable fiber stress, pounds per square inch. 


St. Louis. 


soil tons 
per sq. ft. 


According test with maxi- 
mum any 


| 
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Bearing Material. 
Concrete: cement 
Concrete: Portland cement 
Concrete: Rosendale cement 
Concrete: Rosendale cement 
Rubble Portland cement 
Rubble Rosendale cement 
Rubble and cement 
Rubble lime mortar.......... 
Brickwork Portland cement 


mortar 

Brickwork lime 
Marble and limestone. 
Sandstone....... 


Hard-burned brick 

Hard-burned brick piers, 

lime and cement 
Hard-burned brick piers, 


[Papers. 
PER SQuARE Foor. 


|...... 
29-115 


TABLE Stresses MATERIALS. 


Oak (with grain).... 
(across 

Yellow pine (across 
White pine (with 


Spruce (with grain). 
(across 
Locust grain). 
cross 
(with grain) 
(across 
Chestnut (with 
Chestnut 


Material. 
o 
Tension.—Rolled 
Soft 
Wrought 
Yellow 200 
800 
Compression.—Rolled 000 
Cast steel............ 000! 
Steel pins and rivets 
(bearing) .... 000 
Wrought 
Soft steel 
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PER INCH. 


000 
000 
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White pine (across 
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Unit STRESSES MATERIALS. 
PER SQuARE INCH. 
Material. 
rivets and 
For Rivets—Pins 000 Ib. per sq. in. 


» 

| 


Papers STRUCTURAL DESIGN BUILDINGS. 


PER SQUARE INCH. 


Material. 


St. Louis. 


Rolled pins, 

rivets and bolts 
Riveted steel girders, 


Cast iron (tension).. 
Cast iron 
sion) 500/16 000 
Yellow 


Washington 
Limestone 

Sandstone 


Natural 


Brick (common) 
Brickwork cement 


*Compression Flange (gross section. 
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PER SQUARE INCH. 


Load 
N 
DQ 


Material. 
Columns: 


White pine and spruce 650 


Yellow pine 
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700 700 
800 
| 
560 
10 
875 875 
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WorKING STRESSES FOR IRON. 


RECTANGULAR COLUMNS. 


uare- |Round and Square- |Round and 
| 

2.0 810 810 100 490 530 810 
3.0 820 920 360 520 


this table Length, feet. 


PER Foor. 


MATERIAL. 


WEIGHT. 


Common building brick 
Soft building brick. 


Sand, clay and earth (dry) 


140 


Cast iron..... 


| 

D i | | | ; 

q 
150 
120 
100 
170 
170 

100 


STRUCTURAL DESIGN BUILDINGS. 


TABLE TRAVELING CRANES. 


Capacity 
tons. 


Maximum 

load, 

pounds. 
8ft. 6in 
y 0 138 000 
000 
000 
000 
000 
000 
52 000 
64 000 
70 000 
72 000 


yd. 
40 


Plate 
Girders. 


“ 
“ 
“ 
“ 
“ 


RAIL 
FOR: 


1.—Wheel-load can assumed distributed top flange, over 
distance equal depth girder, with maximum limit in. 
2.—In addition the vertical load, the top flanges the girder 
shall withstand lateral loading two-tenths the lifting capacity 
the crane, equally divided between the four wheels the crane. 


Side clearance from center rail. 


3.—The top flanges the crane girders shall not smaller 


width than one-twentieth their unsupported length. 


TABLE WHITE PINE PLANK FOR 


Span, 


feet. Ib. 


THICKNESS, INCHES, FOR VARIOUS LOADS PER SQUARE PLANK. 


For yellow pine use nine-tenths the above thicknesses. 
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Mr. Williams. 


Vol. XXX. SEPTEMBER, 1904. No. 


AMERICAN SOCIETY CIVIL 


INSTITUTED 1852. 


PAPERS AND DISCUSSIONS. 


This Society not responsible, body, for the facts and opinions advanced 
any its publications. 


LAKE CHEESMAN DAM AND RESERVOIR. 


Discussion.* 


Am. Soc. E.—To the speaker, outside the 
very interesting information regard the methods construction 
and the details the design the Lake Dam, the most 
valuable part the paper that Mr. Woodard. Engineers have 
been waiting good while for American attack this problem 
the analysis the relative strains set dam which combines the 
arch and the gravity sections, and they should feel grateful the 
authors for having brought out solution the problem. may 
remarked, however, that where dam abuts against vertical walls the 
action becomes more nearly akin that plate supported three 
edges than that beam fixed one end. 

looking over the paper and the illustrations, other possible solu- 
tions this problem have been suggested, and may well men- 
tion two three treatments which might have been introduced, per- 
haps with better results, but least they should interesting. 

Undoubtedly, all have been impressed with the fact that, start 
with, there were two solid abutments, and, having that for dam 
moderate span, and moderate meant less than 400 500 ft., there 
seems other type that combines greater stability with mini- 

*Continued from August, 1904, Proceedings. See March, Proceedings, for paper 


this subject Charles Harrison, Am. Soc. E., and Silas rd, 
Assoc. Am. Soc. 
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mum material than arch, pure and simple, with the gravity Mr. Williams. 
section eliminated. 

erable degree elasticity, the arch action will fail; that say, 
not possible get arch action with very thick material unless the 
stresses are extremely high, and, therefore, the authors were fully jus- 
tified eliminating from consideration arch the lower section 
the dam. 

casting the possibilities the authors’ site, without going 
into the matter very definitely, the controlling point for 
arch dam was elevation about 150 ft., where, account 
the span, radius about 200 ft. would necessary. Limiting the 
stresses those computed the authors for the existing structure, 
appears that arch about ft. thickness would required, 
and, starting with that, would decrease ft. any greater thick- 
ness that was desired, the top, without increasing the stresses 
beyond those which the authors allowed the structure they de- 
Their stress, they show it, 240 per sq. in., 
000 ib. per sq. ft., and, taking that limiting stress, which, all 
will agree, perfectly safe stress for masonry this character, dam 
might have been designed for this place having maximum thickness 
ft., and from that reducing any desired thickness the top; 
that design being simple vertical cylindrical arch above the 
contour, and being smaller radius below. 

Another solution that appears this case, have designed the 
dam inverted cone, and the spot would have been quite favor- 
able for such will recalled that the thrust 
arch under normal loads equal the pressure the extrados into 
the radius the extrados—not that the center line, often 
incorrectly assumed—so that, varying the radius, the thickness, 
the total thrust taken the arch, may varied. Starting 
that way, would possible make the dam equal strength, but. 
much less than ft. thickness the base, such were desired. 
Whether not would safe involves consideration the permea- 
bility the masonry, and that possibly open question with some. 

Still another treatment would have been make the base the 
dam segment sphere, and, recalling that the thrust spher- 
ical dome only one-half that cylinder equal radius, still 
less material might thus used the base the dam, and then, 
the upward thrust the sphere would have absorbed 

weight the material above it, the radius the sphere would 
limited that giving thrust not greater than the weight the 
material above its equator. 

These are only offered possible solutions, and there may have 
been reasons, other than structural ones, for not adopting such 
departures from former general practice. 
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Not long ago fell the speaker’s lot design dam for spot 
which seemed equally well, not even better, suited for the arch 
solution the problem, and, asillustrating purely arch design, that 
location, the structure designed, and the structure built, are shown 
Plates XXXIX, XLand XLI. This site was the vicinity Ithaca, 
Y., about miles from the center the town, and the work was 
designed for the Ithaca Water-Works Company. 


Creek Dam. 

Location and Creek, stream having quite 
precipitous drainage area about sq. miles above the point 
question, there passes northerly direction through gorge 
miniature about 500 ft. long and ft. wide. The location 
selected for the dam, Fig. Plate was ‘near the upper end 
this gorge, where the rock the east side rises height ft. 
above the bed the stream, overhanging its rise ft., and 
the west side similar wall, receding ft. its height, rises ft. 
above the bed. both sides, the rock was surmounted heavy 
deposit drift clay, containing boulders, but quite impervious, and 
rising with slope nearly 30° for 100 ft. more. The rock was 
the bluish-gray shale common that region, traversed inter- 
vals from few inches several feet with nearly parallel fissures, 
the sides which, except near the exposed walls the gorge, were 
close contact, and, where open, the seams were filled with fine clay 
washed from the covering beds. The planes the were 
also nearly parallel the axis the gorge. the exposed faces 
the rock was weathered for depth about 6in. varying extent, 
thereby showing very clearly its stratified character; but, where the 
weathered surface was removed, the faces the fissures showed 
smooth, dense rock without apparent horizontal seams, except 
intervals, usually several feet. The bottom the gorge was 
covered depth about ft. deposit sand and gravel, 
caused the construction, few years previously, dam 
its outlet. The bed itself was shale rock, similarly fissured and 
nearly level throughout three-fourths the width the gorge, and 
rising steps about ft. near the west wall. 

the location was only short distance above the city, and, 
failure the structure would involve considerable financial loss, 
not only the citizens generally, but especially the Water Com- 
pany, whose pumping station was the bank the stream less than 
mile below, was once apparent that type dam should 
selected which would stable against all possible contingencies. 

The conditions being such call, first all, for overfall 
dam, and the seams the bottom running longitudinally the 
gorge and thus possibly permitting percolation and upward press- 
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SEPTEMBER, 1904. 
WILLIAMS 
SIX-MILE CREEK DAM. 
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ure the base, ware the the strongest arguments Mr. Williams. 


against the adoption gravity section the ordinary type 
this location. 

Were the problem presented carrying roadway, even for the 
heaviest kind traffic, across the gorge question, one would for 
moment think laying pipes building culverts along the bottom 
and filling the chasm level full masonry top them, nor would 
put series piers and connect them with short plate girders; 
but the one obvious and correct solution would span the depres- 
sion with arch either metal, wood masonry. Bearing mind 
that the arch, under vertical moving loads, can never equi- 
librium, but must always resist varying bending moments, and that 
under normally applied uniform forces circular rib will equi- 
librium, and subject tono bending moments, except those possibly in- 
duced temperature changes and the compression the material 
itself, which are also similarly possible arch bridges, the propriety 
applying the concrete arch the problem becomes once appar- 
ent, for will seen that the only possible means failure for 
circular arch under normal uniform forces the ultimate crush- 
ing the material; and the conditions the permeability the base 
foundation rock and consequent upward pressure underneath the 
dam, side pressure the ends, have influence upon the sta- 
bility such structure this location. The only possible ways 
destroyed natural means are the yielding the 
abutments such extent cause the ultimate crushing 
strength the material exceeded, the direct application 
such pressure bring about such stress. 

Design.—One the chief criticisms directed against arch 
been that, reason the rigidity the base, the arch action could 
not developed their lower part, and, while the speaker not one 
those who would argue that barrel weaker against external 
pressure reason having the heads it, yet, overcome this ob- 
jection, and avoid far possible stresses opposite signs acting 
right angles each other, condition which certainly weakens the 
material’s ultimate capacity resist either one, recourse was had 
design similar that introduced egg-ended boiler, and the 
base, shown Fig. 30, was made the form portion ofa 
torus ring. The whole structure was ft. height, and the 
radius the vertical curve the base was ft., selected that the 
upward thrust Elevation 185 would never exceed the downward 
pressure transmitted through the material above. this construc- 
tion became possible utilize the bed the stream abut- 
ment and still permit elastic deformations and true arch 
dome action near the base. inclining the radius the 
tion the torus with the superimposed cylinder up-stream 
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Mr. Williams, thrust this point was obtained from the former tending oppose 
the pressure the water and decrease the horizontal circumferential 
thrust the cylinder. Similarly, the inclination that portion 
the structure above also introduces thrust stream, acting 


SECTIONAL ELEVATION ON CENTER LINE 
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likewise deerease the horizontal circumferential thrust. Above this 
plane, Elevation 250.10, the section made frus- 
tums conical shells. From 250.10 254.25 segment 
ring, and from 254.25 the crest 260.0 asegment conical 
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dome. The radii the extrados up-stream face are shown the Mr. Williams. 


left the section, and the intrados the right. The maximum 
radius the extrados was 67.75 ft. and that the crest ft. 

The axes the two faces are not coincident, that the down- 
stream face being 2.25 ft. stream from that the up-stream face, 
thus making the dam somewhat thicker the abutments than the 
center. 

The shape the crest was selected for the following reasons: 

First, form was desired which would discharge maximum quan- 
tity water heads above ft., and the one selected has been found 
experiment approximate closely such condition. 

Second, form was desired which would readily permit ice 
climbing it, and the slope 45° adopted answers this requirement 
well. 

Third, form was desired which would insure positive, certain and 
continuous aeration the region behind the sheet, and the prevention 
the formation even minute vacuum there, and the large space 
between the face the dam and the falling water, free communica- 
tion with the air outside, effectually precludes the occurrence 
condition which, the speaker believes, has been, small extent, 
responsible for the failure overfall dams the past. 

Fourth, form was desired which would deliver the overfalling 
sheet well away from the toe the section, and inspection Fig. 
shows that this condition has been met. 

further protection the bottom, and also insure uniform 
upward thrust whether the pond were full flood, second 
dam, ft. high, was constructed about the middle the gorge, 
170 ft. down stream from the main dam, the overfall from which would 
received the old low dam already mentioned, 
which 210 ft. farther down stream. This lower middle dam was 

Computation preliminary purposes, the well-known 
the normal force, and the radius the face which the force 
applied, may used, and, were the section cylindrical, would 
the water pressure and the horizontal radius, and this formula 
would rigidly applicable for the determination the arch stresses. 
As, the present design, the faces are generally inclined, this fact 
must taken into account, and the formula becomes 7'= 
being still the horizontal radius the angle inclination 
the face from the vertical. the thickness represented then 
the unit thrust, for section one unit high, omitting the 
effect the inclination radial thrust opposite 
this counter thrust actually reduces evident stresses 
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Mr. Williams. computed the foregoing formula will greater than those really 


existing the horizontal circumferential direction. For flood ft. 
depth above the crest the dam, which requires run-off 353. 
cu. ft. per sq. mile per sec., while the largest flood record this 
stream gave less than 100 cu. ft. and would require about ft. head, 
the approximate thrusts the horizontal arches the above formula 
are given Table 


TABLE STRESSES (IN EXCESS REAL STRESSES, 
EXCEPT OVERHANG NEAR CREST.) 


241 12.60 740 
233 16.00 650 223 
225 795 64.7 244 
209 26.45 803 100 276 
201 200 281 
193 813 350 284 


The thrusts the torus base, being largely absorbed the ver- 
tical arch 240 in. radius, give much lower unit stresses. 

For final and more accurate determination the stresses, the 
method used was follows: 

vertical slice the dam the center, in. thick the up- 
stream face, was cut out vertical radial planes and divided planes 
normal the up-stream face into blocks, which Nos. in- 
clusive, are the overhang, the curved upper body, 
the cylinder, and are the torus base. 

Beginning the top, the 
force due water pressure and 
that due the weight the 
block above the plane its base 
are combined simple tri- 
angle forces, Fig. 31, and the 
resultant, resolved into 
horizontal component, P,, and 
one normal the base, P,. For 
the next section, this resultant, 
P,is combined with the weight 
the added block and the force 
due pressure upon it, and 
new resultant obtained which 
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Fig. 32, the forces acting 
the block question are: 

the face the 
block acting nor- 
mally thereto; 

=the component 
the total press- 
ure, normal 
the base; 

=the component Fig. 


the total pressure, normal the plane the top the 
block, which forthe section next above; 
the weight the block; 
the horizontal thrust the arch ring; 
the horizontal radius the up-stream face; 
=the angle which the top and bottom faces make with each 
other; 
the angle which the side faces make with each other; 
=the angle which the normal the up-stream face makes 
with the horizon. 
Strictly, the slice should have been cut out between meridional 


planes, which case its thickness, in. the crest, would have 
been 1.355 in. the cylinder; or, being in. thick the 


cylinder, would have been 0.738 in. the crest. The effect this 
correction would reduce slightly the components but this 
compensated for taking low value for the weight the mate- 
rial, per cu. ft., and neglecting consider the weight 
the metal the structure.* the base Section the theoretical 
thickness fora slice in. thick the cylinder would 0.874 in., and 
the thinness the sections radial direction the top makes the 
error possibly introduced small practical moment. 
For cquilibrium, Fig. 32: 

or, 


the total horizontal force carried the horizontal arch; 
the area the vertical faces; 
the area the normal faces; 


The weight the concrete alone, without the added boulders, was 141.4 Ib. per 
cu. ft. The brick facing weighed 144.4 Ib. per cu. ft. and the iron and steel averaged 


more than 0.8 Ib. per cu. ft. the entire mass, one-half this weight being within ft. 
the crest. 


Mr. Williams. 
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Mr. Williams. 


(Slide-Rule 


< 
URE ABOVE URE NORMAL URE 
section. 
4G. 
Pounds. 
(2) (5) (6) (7) (8) (9) (10) 
256.7 234 588 292 686 94.8 467 157.0 
486 084 471 940 44.2 26.6 
547 1180 503 985 47.8 29.0 
608 216 545 51.0 102 30.0 
245.0 974 808 1300 525 162.0 
229.0 200 4810 030 616.0 827 222.0 
225.0 |227.0 963 383 3070 698.0 910 236.0 
221.0 4813 6830 2765 777.0 989 248.0 
178.6 |179.7 18140 22120 330 856.0* 907+ 155.7 
863.5 


Component water pressure down-stream face subtracted. 
Strictly, for center gravity, should used, since forces are combined there. 


doing the horizontal thrusts would reduced about the top and 
the cylinder. 
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INFLUENCE ATTACHMENTS SIDES AND 


Computations.) 


N 

2 a 

o 

n 

0.487 |1.345 56.95 
0.487 |1.108 58.60 
67.75 
67.70 
67.46 
0.053 67.00 
|1.075 66.28 
|1.201 64.32 
63.07 
61.60 


AREAS. 


(16) 
26.2 
15.26 26.9 
1.93 | 28.2 
29.8 
2.57 33.2 
40.7 
45.9 
50.1 
18.55 55.3 
19.85 57.8 
21.10 | 62.3 
22.45 65.7 
69.2 
72.3 
25.40 | 76.3 
79.6 
81.6 
29.50 85.0 
87.6 
62.00 87.6 
13.60 87.0 
18.60 85.5 
13.30 84.0 
18.10 81.6 
78.5 
74.3 
69.9 
64.4 


HORIZONTAL 


CARRIED 
ARCH. 

(19) 
291.0; 817 
36.7 
14.5 
0.7 
10.9 
9.3 
30.3 
611 
691 
1171 
234 
1380 
125 
487 
107 
116 


Mr. Williams, 


PER INCH. 


Horizontal. 
(20) (21) 
108 279 
187 
104 
117 199 
127 204 
147 211 
160 218 
170 225 
180 231 
188 237 
202 248 
204 248 
257 
218 258 
220 258 
226 263 
241 278 
262 285 
200 202 
44.9 
48.9 
42.1 
48.8 
59.8 
124 


Vertical. 
3 n 

(23) 

26.2 

28.8 

28.4 

27.5 

33.3 

30.0 

29.1 

32.0 


nwo 


+Component water pressure down-stream face, due ft. head lower dam 
subtracted. 
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the unit pressure, per square inch, the horizontal arch 
the center the section; 
=the unit pressure, per square inch, the vertical arch 
the base the section; 
then 


) 


therefore, 

For and feet, Equation becomes 

— SESS ( ) 


Table presents the elements this,computation for full pond 
and for 10-ft. flood. 

Comparing the stresses induced for cases, Columns 
23, the interesting fact discovered that this structure the unit 
stresses the horizontal arches the torus base—the weakest spot, 
apparently, the design judged inspection simply—are less for 
the case flood than for that full pond, and, spite the ap- 
parently thin section the toe, the maximum stress only 124 
per sq. in., while the maximum anywhere the structure, under as- 
sumed conditions far beyond any possible contingency, less than 285 
per sq. in. Using the radius the center gravity the cylin- 
drical block, which approximately ft., the maximum unit stress 

63.00 


the dam 285 265 lb. per sq. in., 19.08 tons 


per sq. ft. 

Owing the thicker section the dam approaches the abut- 
ments the corresponding maximum pressures the rock are: for the 
east abutment, 247 lb. per sq. in., 17.8 tons per sq. ft.; and, for the 
west abutment, 211 per sq. in., 15.2 tons per sq. ft. way 
comparison, may recalled that the pressures the foundations 
the Rookery Building, Chicago, and those the old Brooklyn 
Bridge are given 400 per sq. in., 28.8 tons per sq. ft., while 
the concrete and low-grade rubble base the Washington Monument 
subjected loads 525 lb. per sq. in., 37.8 tons per sq. ft. 
There are also number unreinforced concrete-arch bridges abroad 
which have been standing several years, which stresses greater than 
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300 per sq. in. either exist continuously occur frequently, aside Mr. Williams. 
from those due temperature changes and rib shortening. 
The stresses near the crest are amply provided for the crest 
casting and the steel channels that portion the structure. 

Having now considered the conditions full pond and flood, 
remains enquire the stresses certain parts the structure 
low water, and when the pond empty, should the latter condition 
ever occur after the completion the work. Examining the hori- 
zontal thrusts due the weight the dam, was found that for 
Sections inclusive, the outward thrusts are decreasing down- 
ward, whence, ordinary dome, tension would occur this region, 
and should that case resisted. Any yielding the haunches, 
however, must accompanied lowering the crest the center, 
and, because the rigidity the abutments this case, which pre- 
vents spreading along the chord the dam, any lowering the crest 
will resisted the hyperbolic arch formed along the vertical plane 
through the crest, and, consequently, the hoop usually supplied 
dome the so-called joint rupture not needed here, although, 
relieve the small tensions which might occur while the vertical arch 
resistance was developing, hoop steel was provided 
the haunch. 

the top the torus base, similarly, tension would with 
the pond empty, were not that piers introduced under 
the heel the dam acts support for the upper masonry such 
times. These piers have bond with the body the dam, which 
free move away from them when loaded, but they act simply 
wedges keep the structure erect when there pressure the 
back, and prevent tensile stresses the top the torus base. 

already stated, the design the Six-Mile Creek Dam, at- 
tempt was made eliminate, far possible, the influence the 
beam cantilever action which plays extensive part the 
stresses such curved dams the one described the authors, and 
the Zola and Sweetwater Dams, and even the more rationally designed 
Bear Valley Dam. discover how successfully this has been accom- 
plished, the midsection the dam under 10-ft. flood was subjected 
analysis similar that presented for the Lake Cheesman Dam. 
vertical slice the dam, ft. thickness circumferentially, was 
taken, and, simplify computations, rectified projection upon 
vertical tangent the cylindrical portion, and this was divided into 
six sections ft. height. The average moment inertia and the 
resulting deflections for each section were computed for beam, 
and then the average each section arch. The re- 


sults are presented Table 11, wherein, adopting the authors’ 
notation: 


the 


x 


TABLE 11.—Comparison ARCH AND THE Dam. 


— 
PERCENTAGE 
RIED BY: 
aS a* ED, 3 72 a So 


DISCUSSION 
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the average moment inertia for the section; 

the horizontal component load the section; 

the thrust the horizontal arch, the average value for layer 

ft. thick being used; 

length the are the arch; 

area arch layer ft. thick; 

one-quarter arch before loading. 

From Columns and 19, the loads carried the two systems 
forces being inversely the deflections under the same load, 
seen that point above Elevation 185, which only ft. above 
the base, does the beam carry one-half and also 
apparent that distance above the base the beam cannot 
carry much per cent. 

Therefore, may concluded that the purpose the designer, 
this respect, has been accomplished, and that the stresses presented 
Table represent fairly the conditions the structure. 

the west abutment, where, already stated, the rock did not 
rise the height the crest, the thrust the upper portion the 
dam was taken concrete abutment rising Elevation 270, 
beyond which the dam was continued into the hillside 
elliptical half cylinders, the section which 45° was circle, and 
which were inclined 45° and cut off ft. above the crest the 
dam horizontal plane, the cylinders being supported wedge- 
shaped piers under their springings. 

this part the design has bearing the case the Cheesman 
Dam, will not discussed further this time. 

Material and Construction.—The questions material and construc- 
tion have particular bearing upon the Cheesman Dam, wherein 
the material was unquestionably the most desirable and best that could 
have been used, but, considerable interest has been manifested 
these matters, and the Six-Mile Creek Dam would 
incomplete without them, they wiil added here. 

The body the Six-Mile Creek Dam concrete composed 
part Portland cement, parts creek sand, parts creek 
gravel and parts broken stone from drift boulders, crushed pass 
4-in. ring less. 

The voids the sand amounted about 42% its volume. 
tar briquettes, sand cement, days old, indicated that 
had strength tension equal about two-thirds that standard 
sand. 

The creek gravel was ordinary drift mixed with fragments the 
shale rock the region. Where the latter appeared flat stones they 
were broken raked out. 

The crushed stone contained about 15% selected shale from the 


Mr. Williams, 
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Mr. Williams. excavation the rock walls, the remainder being field boulders. Flat 


stones were rejected both before and after crushing, far reason- 
ably inspection discovered them. 

The faces the dam were single course vitrified paving 
brick laid mortar part Alsen’s cement, part creek sand and 
part crusher dust, and were anchored into the body bent steel 
anchors, 7-in., turned in. each end, placed every 
fifth brick every fifth course. the up-stream face the torus 
base the bricks were laid with the flat exposed, elsewhere with the 
edge exposed. 

The brick used was that known Catskill block, in., 
very thoroughly vitrified shale brick, weighing 144.4 lb. per cu. ft. 
They were generally burned highly distorted considerably 
Four samples, immersed pails water for four months, 
increased weight less than one-tenth 1%, and, when tested end- 
wise compression, failed splitting lengthwise with sharp 
report, pressures varying from 300 600 per sq. in. 

Next inside the brick 3-in. mortar face the same mixture 
that used for the joints the brickwork, which was laid the same 
time the concrete body, being separated therefrom plate 
iron, until both were placed, when the iron was withdrawn and all 
were rammed together. Within this mortar face, and close the 
brick convenient, about in. away, were set, above Elevation 
185, bands steel extending around the structure every 
ft. height, and united through the dam every ft. horizontally 
steel rods, diameter, with nut each side the bands. 
Elevation 185, the up-stream side, band steel was used 
and connected the opposite band ina similar manner, 
provide for possible tensions from pier pier when the pond was 
empty. Over this steel skeleton, which was held place the 
horizontal rods extending into the brick faces, there was laid hung 
netting crimped }-in. vertical wire 4-in. 
mesh, extending from abutment abutment each face, and lapped 
one mesh and wired together the horizontal joints the sheets. 
All iron and steel was grouted carefully dipping trough 
soon came the work and before had time rust, and the 
bands and netting were placed close the outer faces possible, 
their purpose being distribute the stresses due temperature 
changes and thereby prevent local cracks. The mortar and concrete 
were mixed Ransome mixer located about 150 ft. stream from 
the dam, and the material was placed very wet. Into the body the 
concrete were forced one-man stones each layer was put in, they 
being carefully set with bed planes normal the line thrust, and 
were left projecting about half their height when section was com- 
pleted. 
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steel wires being bedded every fifth course the up-stream side, 
and, after setting about two days, the concrete was placed between 
they making the forms after Elevation 185 was reached. 
deformation the walls was detected any part the work although 
braces the up-stream side, used first, were dispensed with entirely 
the work progressed, and the down-stream side was left entirely 
unsupported all the time. Fig. Plate shows clearly the 
method construction and the appearance the work. 

The foundations were carried down sound rock, usually from 
ft., but one case, for short distance, ft., below the bed 
the stream. The longitudinal seams the bottom were followed 
3-in. drill holes for from ft. below the bottom the 
foundations, and the holes filled with plastic clay Fig. 
Plate XL, shows the end sections the torus base completed, and 
excavation progress for the middle. 

Handling the was impossible divert the stream 
from the gorge, was necessary provide for carrying through the 
work, and the design contemplated the erection the portions the 
torus base the abutments and front the piers, leaving the 
intermediate spaces open, but making all excavations, the stream 
being diverted from side side during the work. Arches were 
sprung across the openings thus left, and the dam completed above 
Elevation 185, leaving passages through the base sufficient capacity 
deliver ordinary flood. permanent cast-iron culvert, ft. 
diameter, was also provided through the base and controlled gate. 
After the upper portions the dam were completed, the openings 
through the base were filled, one ata time, low water, the 
culvert then being able carry the flow. Fig. Plate XLI, look- 
ing stream, shows the base the west end the dam, and the 
low-water flow the creek passing through the opening there while 
the center the building. 

The Dam Built.—When became noised abroad that dam 
ft. high and but ft. thick the base was built only two miles 
above Ithaca, form lake acres area, many people immediately 
saw visions Johnstown flood, and protests began appear the 
public prints. The plans, meanwhile, had been referred four prom- 
inent members this Society, the first whom withdrew without 
making any report either favorable unfavorable, and the other 
three, fully cognizant all the conditions, including the action the 
first, reported unqualified approval. due time bids were called 
for, and six bidders submitted proposals. these bidders, four were 
experienced engineers and contractors, three heing members this 
Society. Not one them, after examination the plans, specifica- 
tions and location, expressed any doubt the stability the struct- 


The brick walls were first laid height about ft., No. Mr. Williams. 
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The tenders were received unit prices for the several kinds 
work involved, and the gross bids, exclusive cement, which was 
furnished the Water Company, based the Engineer’s estimates 
quantities, were follows: $63 365; $44 280; 957; 
$35 360, and $34 488. 

After work was begun, discussion the structure continued, and 
few so-called engineers, who had never seen the plans, expressed 
themselves condemnation the structure. Several others, after 
examining plans and location, expressed approval, and others still, 
perhaps more discreet than either, said nothing. The citizens 
Ithaca invoked the aid the State Engineer, the State Flood Com- 
mission, and, finally, the State Health Commissioner, and injunction 
proceedings were threatened, but, apparently for lack the 
necessary kind engineering advice, were never brought. The break- 
ing out typhoid epidemic, due the water supply, but most 
probably not, charged, the infection the water work this 
structure, raised public excitement such pitch that almost 
unanimous vote favor municipal ownership was taken, although 
similar proposition had been defeated less than year before; and 
the State Health Commissioner announced mass meeting that his 
consulting engineers had declined approve the design the dam; 
but, afterward stated, over his signature, that official report had 
been made him the subject. 

consequence all this, the company decided stop the con- 
struction the dam ata height ft., and, accordingly, was 
built the original lines Elevation 193 and finished Elevation 
201, with crest ft. radius overhanging the down-stream side 
and having 45° up-stream slope, shown broken lines Fig. 30, 
and photographically Fig. Plate XL, and Fig. Plate XLI, the 
former being view the up-stream face the dam the east end, 
and the latter the completed dam appears from the west abut- 
ment. 

flood ft. depth above the crest went over the dam August 
1903, before the runway used its construction had been re- 
moved. descending ladder each end the dam, was pos- 
sible look under the sheet and observe the face thedam. 
single leak, supplying jet about half the size pencil, ap- 
peared about ft. above the base. this up-stream face 
the dam, the base, where the brick was laid against forms, had 
not been pointed. Since pointing, neither this nor any other visible 
leaks have appeared. 

Test the Brick Facing Arch.—During the construction, when 
the concrete was completed Elevation 185 and the brick walls were 
about ft. higher, ready receive the concrete filling, the work 
being condition that shown Fig. Plate XXXIX, 
the brick arch was subjected interesting test. 
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Height in., Thickness in., Span ft., Radius Extrados 50.08 ft. 


Position. 


(1) 


above bottom................ 


DEFLECTIONS ARCH CROWN. 


Arch carrying 
entire load. 


Vertical beam 


entire 


load. 


wr 


Part ToTAL LoaD ARCH AND ARCH THRUSTS. 
0.82 33.8 38.9 45.8 56.2 71.9 102 
2.22 0.00 0.00 0.00; 0.00 0.00 


Fractional spans measured from abutment. 
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The brick walls, in. thick, had been carried height in. 
above the top the concrete June 19th, 1903. The down-stream 
wall had all been laid within ten days, having been finished less than 
week, aud the up-stream wall laid within five days, stretch 
about ft: near the east end, where the runway had been located, 
having been finished that afternoon. heavy rain occurred the next 
day, and the water rose such height during the night over- 
flow the dam depth 0.8 ft. began going over about 
and was still overflowing 9:30 the maximum height probably 
lasting for hours. 

the water rose apparently dissolved the mortar the short 
portion the wall, about ft. long, laid the day before, and broke 
through there before went over the top, for the down-stream wall 
opposite this place was bulged, for about ft., from nothing about 
in., the maximum being about two-thirds its height; and the 
up-stream brick wall, near the thus formed, was tipped over 
stream, falling the bottom the pond above the dam, thus 
indicating that powerful stream water had recoiled from the lower 
wall against the concave side the then unsupported upper wall, and 
wrecked it. the far end the dam, the up-stream wall fell over 
upon the concrete the base, showing that the recoil had spent itself 
before reaching that part the work. 

spite having received what must have been very severe 
shock, this brick arch, in. high, in. thick, and ft. clear 
span, with up-stream radius ft. stood throughout the 
flood, and, when the water subsided level with the top, leaks 
appeared through the wall, except where openings had been left for 
the insertion tie rods, and the wall was used, originally intended, 
without any repairs alterations. 


| Q s 
Position 
from 
“Ze owe 
(3) (5) (6) (7) (8) 
Crown.... 87.3 004 380 14.5 
54.81 16.5 905 848 13.7 
Span.... 51.56 15.8 814 809 12.9 
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The stresses set this thin arch have been examined pro- 
cess similar that used the authors, and the results are presented 
Tables and13. One point, not mentioned before, noted, 
viz., considering section dam beam, its action 
differs from that ordinary horizontal beam, since does not 
begin deflect until the load becomes sufficiently great overcome 
the moment the weight the structure itself about some point 
its base; and, upon yielding foundation, this point will not 
the toe, usually incorrectly assumed dealing with the over- 
turning gravity sections. Allowance for the weight the 
material has been made the case this brick arch, but was 
omitted the analysis the Six-Mile Creek Dam, and, apparently, 
that the Lake Cheesman Dam. the former, reason 
its peculiar profile, appears that the moment the weight might 
become considerable factor, and while not affecting greatly the 
the upper portions, might, appreciable degree, 
reduce that the bottom, and hence the total the 
structure beam. into this matter, the total weight 
slice the dam ft. wide found be, Column 11, 
Table 10, 5863.5 362 and, inspection the profile, 
appears that the center gravity will somewhere within ft. 
the point rotation the base. The moment the weight 
the structure against overturning, therefore, less than 350000 
ft.-lb. The total water pressure the 1-ft. slice the dam under 
10-ft. flood 62.4 280 800 and the point appli- 
cation its resultant approximately 32.5 ft. above the base. The 
The introduction the weight factor into the computations Table 
11, consequently, would reduce the bending moment for the beam 
section less than 3.07 amount too small affect 
important degree the results there set forth. 

The values the stresses given for the brick arch Table are 
computed the usual assumption that the modulus elasticity 
the brick and the mortar joints the same compression 
tension. The tensions represent, not only the tensile strength 
the mortar itself, but also its adhesion the brick surfaces, and 
the same said for the shears. Tests briquettes made 
parts creek sand cement, with 17% water, when 
one week old, gave 270 300 per sq. in. tensile breaking stress, 
and two weeks 375 The replacement part the 
sand part the crusher screenings probably increased the 
within the probable strength limit the mortar ten days old. 

noticeable, such long and slender arch represented 
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Mr. Williams. the brick wall, that the arch deflections the crown would 


much greater than the beam, and the values for the 
portions the loads taken the two systems are looked upon 
limiting approximations. The beam cannot expected carry 
more nor the arch less than these quantities. noticeable, how- 
ever, that the thrust the arch increases toward the abutments 
reason defiection becoming less. the radius, thickness and 
water pressure are unchanged from point point, this increase can 
only provided for resisted the absorption the arch some 
the stress credited the beam, the setting shearing 
stresses varying amounts, along horizontal planes. follows that 
any complete analysis the stresses this arch, any one which 
the beam action important factor, must involve the considera- 
tion, not only these, but also secondary stresses set the 
action right angles primary stresses opposite signs, all which 
makes very complicated problem. 

the Six-Mile Creek Dam such uncertainty exists, the beam 
action practically eliminated, and the only secondary stresses 
considered are those due rib shortening and temperature, the for- 
mer which cannot nearly serious the case arch 
bridge, with its necessary bending moments under both dead and live 
loads, and the latter which less consequence than such 
structure, because the range temperature necessarily less. 

appears, then, that the design the Six-Mile Creek Dam 
there presented structure, which, for all practical considerations, 
acts wholly arch under uniform normal pressures, the equi- 
librium curve for which condition coincides with the center line the 
section, and this seems prove near approach the 
ideal engineers are usually able accomplish structures its 
magnitude. 

The work was executed, under the speaker’s personal supervision, 
Messrs. Tucker and Vinton, Inc., New York City, who used 
every endeavor produce most creditable structure. The speaker 
was assisted upon the construction Hulse, Jun. Am. Soc. 
E., and Mr. Weston Fuller, whose care and interest the work 
also merit commendation. 
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THE COLLAPSE BUILDING DURING 
CONSTRUCTION. 


Discussion.* 


retained the District Attorney for the purpose reporting the 
cause the collapse the Hotel Darlington. Therefore, the paper, 
confined himself rehearsal the facts coupled with 
his opinion the cause the collapse, contained his report. 

The outside walls along the edge the lot were continuous from 
the foundation, with the exception portion the rear wall, which 
was carried girders located the ground-floor level. The walls 
around the light wells were curtain walls. 

The column schedule given Table does not refer any parti- 
cular column. Table gives the sizes Columns and 36. 

The holes the girders and beams had regular size, but varied 
from in. diameter. makes very little difference what 
the exact size the hole is, long larger than the bolt, 
when the effect lateral stiffness considered. every case the 
bolts were slack their holes. 

The writer has knowledge the estimated weights for live load 

for dead load which were used the architect, the builder, 
the strength the building. 


Continued from August, 1904, See April, 1904, Proceedings, for paper 
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REPORT FULL THE THIRTY-SIXTH ANNUAL CONVEN- 
TION ST. LOUIS, MO., OCTOBER 34d, 1904. 


2.30 M.—The First Session the Convention was held the 
Hall Congresses, Administration Building, Louisiana Purchase Ex- 
position. 

The President delivered the Annual Address. 

the conclusion the address the Business Meeting was held, 
President Hermany the chair; Chas. Warren Hunt, Secretary. 
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few lines, which seems appropriate this time, and hope 
will seconded and unanimously adopted. 


Whereas, The International Congress Engineers, now ses- 
sion such successful progress this city, the result the sugges- 
tion and management the American Society Civil Engineers, 
through the agency its committee, which Henry Haines 
chairman, and Chas. Warren Hunt secretary; 

Resolved, That the earnest thanks the American Society Civil 
Engineers are hereby cordially given our committee for the able, 
faithful and excellent way which its duties have been performed, 
the general arrangements for the Congress, well the many and 
varied details involved the outcome now before us.” 


GENERAL will observed, Mr. President, that 
the last few words refer the outcome now before us. One prom- 
inent feature that which most interesting me, and 
must and will be, suppose, interesting every person present, 
the fact that have the same platform here the President the 
British Institution Civil Engineers our distinguished guest, Sir 
William White, and the President the American Society Civil 
Engineers. That enough justify everything that has been done. 
(Applause. 

But wish also call attention toa fact, which strikes asan offi- 
cer the army, well member the Society, and that the fact 
that see around us, not only our own star-spangled banner, but the 
ensign Great Britain, floating over our heads, and many flags 
other Nations. But there another outcome, Mr. President, 
which want call special attention, and that what appeals 
face these men before me; the bringing together men 
brains, men energy, and men activity, who know how design, 
and how execute. And, last but not least, want call attention 
the presence the ladies. Without them can nothing. 
(Applause. 

there any not, the chair 
will put the resolution. 

The resolution was unanimously adopted. 

President, before some members the Con- 
gress who are not interested our Business Meeting leave the hall, 
should like make known that the Engineers’ Club St. Louis 
has gotten out very nice World’s Fair Souvenir, number copies 
which are the Secretary’s office, and which can had upon 
application there. 

possible that some the members the Board Direction 
might leave before the close this meeting, and will therefore 
announce that the meeting the Board Direction will held 
9:30 o’clock to-morrow morning the office the Secretary this 
building. 

Mr. President, the first business come before this meeting the 
question determining the time and place holding the next Annual 
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Convention the Society. Some time ago the usual form circular 
letter was sent all members, asking them reply, giving their 
choice for the time and place holding the next Annual Convention. 
have report the answers received, and beg report the result 
follows: 

Total Number Votes Received for Place, 798. 

Distributed follows: 


Washington, 
City Mexico 


The following places received two votes each: 
Cape May, Louisville, 
Cincinnati, Quebec, 
Detroit, Saratoga Springs, 
Eureka Springs, Salt Lake City, 
Havana, Thousand Islands, 
Lake Champlain, Yellowstone Park. 
The following places received one vote each: 
Alexandria Bay, Y., Milwaukee, 


City, Minneapolis, 
Baltimore, Montreal, 


Buffalo, Niagara Falls, 
Hot Springs, Va., Palm Beach, 


Kansas City, Port Arthur, 
Lake George, Saratoga, 


Los Angeles, Near Portland Cement Industry, 
Mackinaw, Choice. 
Memphis, 

Many duplicate ballots have come too late for reclassification, 
and the above list gives all the ballots, which members 
have voted twice. most cases these ballots have been favor 
Cleveland, Duluth, and Portland, and correct return all votes 
would take number ballots from other places. 


Total Number Answers Received Suggesting the Time for 
Next Convention, 798. 


otes. 

January Gras—New Orleans... 

March June September. 

June September 

July August 

July September 

September October. 

October August.... 

During Lewis and Clark Ex- 
position, Portland 

November April 

Early Summer 

First Half Any Month.. 

Choice 
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also have the following letters: 


SEPTEMBER 1904. 


THE PRESIDENT AND MEMBERS THE AMERICAN 

GENTLEMEN: behalf the business men Cleveland, the 
Board Directors the Cleveland Chamber Commerce extends 
your Society very cordial invitation hold its next meeting 
Cleveland. The directors are confident that your delegates would 
thoroughly enjoy the time spent Cleveland,.and sincerely 
hoped that the city may honored this invi- 
tation. 


order the Board Directors the Cleveland Chamber 
Commerce. 


Secretary.” 


THE PRESIDENT AND MEMBERS THE AMERICAN SOCIETY 
ENGINEERS, 


The Commercial Club Duluth hereby extends 


cordial invitation your Association hold your convention for 1905 
our city. 


are many reasons why ask for this courtesy from your 
Association, believing that the Northwest entitled the convention 
the society, and that entirely proper that the third port 
volume business the United States should recognized. 

have most excellent convention hall which would fur- 
nished free for the use the convention. have some the best 
hotels the State with ample accommodations for the delegates. 
have ideal climate all times and particularly the time 
which the convention will held. 

harbor one the finest the world, contain- 
ing forty-nine miles harbor frontage, with area eleven and three- 
quarters square miles. About are located mammoth ore and coal 
docks, immense grain elevators with capacity thirty-five million 
bushels, blast furnace, coking plant, shipyard, dry docks, immense 
lumber mills, etc. The novel Aerial Bridge, nearly 400 ft. span, 
height 188 ft., process erection across the Duluth Ship 
Canal, and will completed this year. 

believe that Duluth and its surroundings offer many attrac- 
tions both from the standpoint engineering and scenic beauty, 


and think that the people will want come and see the Metrop- 
olis the great Northwest. 
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urge you accept our invitation come this City, and 
are satisfied that you do, you will want come again. 
Very respectfully, 
Eva, Secretary. 


also have letter from Wadsworth, Am. E., en- 
closing certified copy aresolution passed the Common Council 
the City Duluth, September 6th, 1904, and letter from the 
Northern Steamship Co., promising co-operation the matter 
transportation. The Resolution referred follows: 


Alderman Wing: 

That the attention the American Society Civil 
Engineers hereby called the advantages Duluth conven- 
tion city, being easily accessible either boat rail, with most 
delightful summer climate, excellent hotel accommodations, interest- 
ing municipal and manufacturing plants and the mines the Mesaba 
and Vermilion iron ranges being close proximity. 

further, That said Society hereby extended cordial 
invitation hold their annual session for the year 1905 this place. 


Wing moved the adoption the resolution, and was 
declared adopted the following vote: 


Barnes, Chesney, Harker, McEwen, Moore, 


Olson, Sang, Schaffer, Tessman, Tischer, Waugh, Wilson, Wing, Pres- 
ident Haven—14. 


Approved Sept. 1904.” 


also have the following letters from Oregon: 
Secretary American Society Civil Engineers, 

advised that the American Society Civil 
Engineers are hold their annual convention next month St. 
Louis, and that they will that time select place for holding the 
convention for the year 1905. Executive this State desire 
extend your Society most cordial invitation meet Portland, 
Oregon, that time. The people the State are making extensive 
preparations celebrate next year the hundredth anniversary the 
expedition Lewis and Clark the Oregon country. There has 
been contributed this end our own people something near one 
million dollars, the Congress the United States has contributed 
liberally, and our sister States have all been generous doing what- 
ever necessary make the Exposition success. 
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your Society will meet with here next year can assure 
you that they will royally received and entertained people 
Oregon, and addition that they will enjoy magnificent climate, 
and the most beautiful scenery that has ever been their lot 
experience. 

that you may able induce your Society accept 
this invitation, have the honor remain, 

Yours very respectfully, 


CHARLES WARREN 
Secretary the American Society Civil Engineers, No. 220 
West Fifty-seventh street, New York, New York. 


fully and earnestly invite you hold the next meeting your Asso- 
ciation this City, 1905, which time there will here the Lewis 
and Clark Centennial and American Pacific Exposition and Oriental 
Fair. 

expected that this Exposition there will magnificent 
display the productions the Pacific States and Territories, with 
many contributions from the Oriental World. 

those you who live the East, the journey across the 
Continent will both interesting and instructive, and without such 
journey you can have adequate idea the territorial extent and 
greatness our country. 

city about 120 000 inhabitants, with rapidly 
increasing population. situated the Willamette River, about 
100 miles from the Pacific Ocean and miles from the Columbia 
River, and ocean-going steamships and sailing vessels from all parts 
the commercial world visit its harbor. 

can confidently say that you will accept this invitation you 
will find Portland healthful, prosperous and beautiful city. 

scenery diversified with rivers and lakes, hills and 
vales, fertile valleys and mountains, some which are covered with 
perpetual snow, and its grandeur and beauty these respects are 
unsurpassed any country. 

will pleased extend you its hospitality. 

very truly, 
Mayor.” 


will you with the report the Secretary 


the question place and time holding our next Annual Con- 
vention? 
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Am. Soc. E.—I believe that 
neglected vote response the petition the Board 
tion. now desire offer this resolution, to-wit: the 
sense this meeting that the next Annual Convention should held 
the City Cleveland.” 

know that that was very largely the feeling the members 
this subject from the vote taken two years ago, and think now 
timely that should hold meeting central State like that, 
particularly city that enterprising, beautiful and hospitable 
the City Cleveland. therefore make that motion. 

Motion seconded Mr. Smith. 

Am. Soc. E.—With all due respect com- 
mercial points, believe that the success our conventions, well 
the pleasure those who attend, would depend largely upon one 
thing, and thatis hotel large enough accommodate the entire con- 
vention, and not believe the cities that have been mentioned will 
afford such accommodation. far time concerned, course 
the location the convention should measure decide the time, 
but would urge that consider our own convenience and the 
our convention rather than the wishes some commercial 
center, any place that might desire usto come there. should not 
even vote unless conditions which have before mentioned could 
met with, and further urge that select some place where there 
hotel that can accommodate and comfortably. 

Am. Soc. E.—I would move amend the 
motion just presented striking out all after the enacting clause 
and substituting, the thanks this society extended the 
cities (or their representatives) Cleveland, Duluth and Portland, 
and that the time and place holding the next Annual Convention 
referred the Board Direction with power.” 

Seconded General Craighill. 

Mr. only fair the Board Direction that this 
meeting should express its preference. The motion made was simply 
that the sense this meeting. very important that the 
Board Direction should know what the real wishes the members 
here assembled are, and Ido not think ought evade that such 
amendment that proposed Mr. Williams. think the meeting 
should express itself one way the other. There choice cities 
and places, any which will good, and not think there any 
reason for dodging now. 

Gro. Am. Soc. E.—It seems that the 
result the letter-ballot ought have influence matter this 
kind, because those who have voted have expressed their opinion, and 


many more votes have been received than there are persons 
present. 
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vote the amendment offered Mr. Williams was taken and 
resulted sixty-five yeas and thirty-four nays, and the motion 
amended was adopted. 

Tue Secretary knows further business 
come before the meeting. 

motion, the Business Meeting adjourned. 


October 19th, 1904.—The meeting was called order 8.40 
Buck, Director, the chair; Chas. Warren Hunt, Secretary, and 
present, also, 156 members and guests. 

paper Schneider, Am. Soc. E., entitled The 
Structural Buildings,” was presented the author. 

The Secretary presented communications the subject Messrs. 
Johnson. 

The subject was discussed orally Messrs. Henry Seaman, 
Jos. O’Brien, Augustus Smith, Llewellyn, Macdonald, 
Stern and the author. 

The Secretary announced that Special Committee the Board 
Direction canvassed the ballot for membership October 5th, 
1904, and that the following candidates were elected: 


MEMBERS. 


Francis ALMIRALL, New York City. 

Francis OGDEN New York City. 
CHESTER Harvey CHAMBERLIN, Boyce, La. 
New York City. 
Manila, Philippine Islands. 
New York City. 

Epwarp Dana Harpy, Washington, 

Hunt, New York City. 
Hermann Berkeley, Cal. 

Los Angeles, Cal. 
Frank New York City. 

San Francisco, Cal. 

Harrison Braeburn, Pa. 
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Walkerville, Ont., Canada. 
REED, Roswell, Mex. 
Davipson Globe, Ariz. 

Harry Cumberland, Md. 
Frank San Francisco, Cal. 


MEMBERS. 


Broxaw New York City. 
Frank Millinocket, Me. 
STEPHEN Stratford, Conn. 
Newton ALBERT KENDALL Trenton, 
CHARLES JOSEPH Durango, Mexico. 
GEORGE WASHINGTON Self, Ark. 
ARCHIBALD New York City. 
JOHN NAVARRE Jr., Lawrence, Kans. 
ALFRED Moyer Milwaukee, Wis. 
Kansas City, Mo. 
WHITFIELD PFEIFFER, Daiquiri, Cuba. 
Frank SHEPHERD, New York City. 
SHERTZER, New York City. 
CHESTER Clinton, Mass. 
New York City. 
Cone New York City. 


Munaar, Madura Dist., South 
India. 


Kine Salt Lake City, Utah. 
Lucas New York City. 


ASSOCIATE. 


The Secretary announced the following deaths: 


ALEXANDER Macoms elected Member June 6th, 1888; died 
September 14th, 1904. 


Van Norman elected Associate Member, June 6th, 1900; 
died September 28th, 1904. 


Adjourned. 
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ANNOUNCEMENTS. 


every day, except Sundays, Fourth July, Thanksgiving Day and 
Christmas Day. 


MEETINGS. 


Wednesday, November 2d, 1904.—8.30 regular business 
meeting will held. New Method Tunneling Applied 
the Construction the and 15-ft. Bay Ridge Sewer,” will de- 


scribed James Meem, Assoc. Am. Soc. E., and illustrated 
with lantern slides. 


Wednesday, November 16th, 1904.—8.30 this meeting 
Walter Parmley, Am. Soc. E., will address the Society and 
describe the Walworth Sewer, Cleveland, Ohio, illustrating his 
remarks with lantern slides. 


UNIVERSAL EXPOSITION, ST. LOUIS, 1904. 


The Society has undertaken provide for engineering exhibit, 
and the establishment Headquarters for visiting engineers the 
center the Liberal Arts Building, and the Board Direction has 
appropriated sufficient funds defray the necessary expense. 

This matter the hands the following committee: 

Am. Soc. E., St. Louis, Mo., Chairman. 


JACKSON, Boston, Mass. 


PRIVILEGES LOCAL SOCIETIES EXTENDED MEMBERS 
THE AMERICAN SOCIETY CIVIL ENGINEERS. 


The Boston Society Civil Engineers will any member 
the American Society Civil Engineers its library and reading 
room, 715 Tremont Temple, Boston, which open week days from 
Members will also welcome the meetings, 
which are held the same building, the evenings the fourth 
Wednesday January, and the third Wednesdays other months, 
except July and August. 
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The rooms the St. Louis Engineers’ Club, the business center 
St. Louis, will kept open during the World’s Fair season, May 
December Ist, 1904, and visiting engineers are cordially invited 
use them for mail, telephone service, information, etc. 

The courtesies the Engineers’ Society Western Pennsylvania 
have been extended members the American Society Civil En- 
gineers. The rooms the Society, 410 Penn Ave., Pittsburg, Pa., 
are open all times, and meetings are held follows, except during 
July and August. Third Tuesdays; 
Thursdays following third Tuesdays; 
first Tuesdays; Fourth Tuesdays. 

The Western Society Engineers, Monadnock Block, Chicago, 
tenders members this Society the use its rooms and 
facilities, together with the good offices its Secretary and 
special committee appointed for that purpose. 

The Civil Engineers’ Club Cleveland, Ohio, invites members 
this Society make use the Club rooms,.at any time when 


Cleveland. Cards will furnished application the Secretary, 
Mr. Beardsley. 


SEARCHES THE LIBRARY. 


January, 1902, the Secretary was authorized make searches 
the Library, upon request, and charge therefor the actual cost 
the Society for the extra work required. Since that time many such 
searches have been made, and bibliographies and other information 
special subjects furnished. 

The resulting satisfaction, the members who have made use 
the resources the Society this manner, has been expressed 
frequently, and leaves little doubt that, were generally known 
the membership that such work would undertaken, many would 
avail themselves it. 

The cost trifling, compared with the value the time 
engineer who looks such matters himself, and the work can per- 
formed quite well, and much more quickly, persons familiar 
with the Library. 

Copies all lists references are filed, that many cases 
only necessary make typewritten copy, which reduces the cost 
searches minimum. 

asking that such work undertaken, members should specify 
clearly the subject covered, and whether references general 
books only are desired, whether complete bibliography, involv- 
ing search through periodical literature, desired. 
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LIST NOMINEES FOR THE OFFICES FILLED THE 
ANNUAL ELECTION, JANUARY 18th, 1905. 


The following list nominees for the offices filled the 
Annual Meeting, January 18th, 1905, received from the Nominating 
Committee, was presented the Board Direction its meeting 
October 6th, 1904. The list has already been mailed all Corporate 


For President, serve one year: 
New York City. 


For Vice-Presidents, serve two years: 


St. Louis, Mo. 
New York City. 


For Treasurer, serve one year: 
New York City. 


For Directors, serve three years: 


SHERRERD, Newark, J., representing District No. 
Bowman, New York City, representing District No. 
West Medford, Mass., representing District No. 
Rochester, Y., representing District No. 
Albany, Y., representing District No. 
Prerson, Kalamazoo, Mich., representing District No. 
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ACCESSIONS THE LIBRARY. 
From September 13th October 11th, 1904. 


DONATIONS.* 


MAXWELL’S THEORY AND WIRELESS TELEGRAPHY. 


Part Maxwell’s Theory and Hertzian Oscillations. 
Poincaré; translated Frederick Vreeland. Part II, The Prin- 
ciples Wireless Telegraphy; Frederick Vreeland. Cloth, 
11+ 255 pp., illus. New York, McGraw Publishing Company, 
1904. $2. 


The author states that the object this book give physical treatment 
Maxwell’s theory and its applications some modern electrical problems,—to set forth 
the fundamental principles which underlie all electrical phenomena, according Max- 
well and his followers, show how these principles explain the ordinary facts elec- 
tricity and optics and derive from them practical understanding the essentials 
wireless telegraphy. states that has been his purpose Part take the 
thread where Poincaré dropped it, carrying the line thought into the practical 
field wireless telegraphy, and applying the principles laid down Part the va- 
rious problems involved; not intending treatise wireless telegraphy, the 
object being rather deal with principles and trace the development the art its 
essential features. Where specific cases are cited they are chosen with reference 
their fitness illustrate idea, and they are treated with view emphasize that 
which essential and minimize superficial unimportant details. alphabetical 
index six pages included. 


THE STORY AMERICAN COALS. 


396 pp. Philadelphia and London, Lippincott Company, 1904. 


The preface states that the has been written for those interested Ameri- 
can Coals either miners, dealers, carriers, the multitude consumers— 
the American people. During years employment the coal fields Pennsylvania, 
the writer has gathered the material from every available source, and added his 

ractical knowledge gained experience. The simple arrangement the chapters, 

ginning with the origin coal and its development, together with description 
the different routes which reaches the consumer, and the various uses which 
put, followed complete index, that the book can used for reference. 
This second edition has been carefully revised and brought date. Since the first 
was issued the United States has passed from second place coal production the 
head all other nations. The index covers eighteen pages. 


TELEPHONY. 


Manual the Design, Construction and Operation Telephone 
Exchanges. Parts. Part The Substation. Arthur 
Vaughan Abbott. Cloth, 473 pp., illus. New York, McGraw 
Publishing Company, $1.50. 

The fifth part Mr. Abbott’s work the Telephone devoted the substation. 
The author says that little that novel can claimed for the present presentation. 
Historical references are the briefest, thousands devices are not even mentioned 


because, however ingenious, otherwise, they have for one reason another failed 
meet the test time and experience. The attempt has been made present the subject 


practical aspect only, but withal embrace the point view the subscriber 


well that the telephone manager. The Contentsare: Introduction; The 
Telephone Transmitters; Induction Coils and Sub-Station Circuits; Transmission and 
Current Supply: Signalling Apparatus; Protection; Party Lines; Sub-Station Assem- 
blage; Costs Installation and Operation. 


Gifts have also been received from the following: 


Alaska Treadwell Gold Min. Co. pam. Cape Good Hope—Director Rys. 


vol. 
Atchison, Topeka Santa Ry. Co. Chicago Alton Ry. Co. pam. 
Chicago North Western Ry. Co. 
Bloomfield, J.—City Council. pam. 
Boston Maine pam. Chicago Great Western Ry. Co. 


Brit. Assoc. for the Advancement Sci. Chicago, Milwaukee St. Paul Ry. 
bound vol. pam. 
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Colo. Southern Ry. Co. pam. 

Hydrometrisches Bureau. pam. 

Fisk, pam., maps. 

Fort Denver City Ry. Co. 


Britain—Patent Office. vol., 


pam. 

Hocking Valley Ry. Co. pam. 

11m 

Ind.—State Geologist. bound vol., 
map. 

Interstate Commerce Com. pam. 

Inst. Naval Archts. bound vol. 

Lawrence, Mass.—Water Board. 

Minneapolis, St. Paul Sault Ste. Marie 
Ry. Co. 

Missouri. Kansas Texas Ry.Co. 2pam. 

Montclair, J.—Board Health. 2pam. 

Nashville, Chattanooga St. Louis Ry. 
Co. 


New England Assoc. Gas Engrs. 
bound vol. 

New South Wales—Ry. Commr. pam. 

City—Dept. Parks. bound vol. 

City—Dept. Water Supply, Gas 


vol., pam. 

vol. 

Rutland 

St. Louis Southwestern Ry. Co. 

Southern Ind. Ry. Co. 

Toledo, Peoria Western Ry. Co. 

Trenton, J.—State Geol. bound vol. 

Office Exper. Stations. pam, 

Dept. vol. 

Verein deutscher Portland-Zement Fa- 
brikanten. pam. 

Vermehren, Ed. pam. 

Webster, bound vol. 

Wis. Geol. and Natural History Surv. 
bound vol. 


PURCHASE. 


The Encyclopedia Americana. 


Americana Company. 


Vol. 16. York, Chicago, The 


Proceedings the Indiana Engineering Society. 20th-24th An- 
nual Reports. Greenfield and Indianapolis, Ind., 1900-04. 


Proceedings the Association County Surveyors and Civil 
Engineers the State Indiana its Second Annual Meeting held 
Indianapolis, January 17th and 18th, together with the Con- 
stitution and By-Laws, Registered Members, etc. Indianapolis, 


1882. 


Repertorium der Technischen Herausgegeben 
Kaiserlichen Patentamt. Jahrgang 1903. Berlin, Carl Heymanns, 


1904. 
SUMMARY ACCESSIONS. 
September 13th October ilth, 1904. 
Donations (including 123 
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WALTER. 
ALDEN, CHARLES AMES. 


MEMBERSHIP—ADDITIONS. 


MEMBERSHIP. 


ADDITIONS. 


MEMBERS. 


303 Hale Bldg., Philadelphia, Pa.... 
Chf. Draftsman, F., 


Dept., The Pennsylvania Steel 


Steelton, 


ALLEN, Engr., United 


Co., Broaiway, New York City 
Civ. Engr. and Bridge Contr., 
405 Thayer Bldg., Kansas City, 
Rincon Antonio, Oaxaca, Mexico 
FREDERICK REGINALD. 
Santa Barbara, Cal 


GREEN, BLEECKER, 
vay Process Co., Detroit, Mich 


Service, Chg. Sewers and Drains, 


Asst. Engr., Dept., Public 


Box 180, Cleveland, Ohio 
CLARENCE THOMAS, 
Civ. Engr. and Garnisonsgasse, 


Austria 


WALLACE 
520 Reading Terminal, Philadelphia, 


HENRY. 


Louis, 


Fall River, Mass 


ASSOCIATE MEMBERS, 


Asst. Engr., Geological Survey, 

Reclamation Service, Box 542, North Yakima, 
Bowen, SHERMAN WORCESTER. 


eee 


5945 Cote Brilliante Ave., St. 


(Wolstenholme Buffinton), 


Assoc. 


Assoc. 


Jun. 


Assoc. 


Jun. 


Assoc. 


Parkersburg, 


Cor. Laguna and Islay Sts., 
Harry. The King Bridge Co., Cleveland, 


Civ. Engr., The Sol- 


State Engr., Cheyenne, Wyo 
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Date 
Membership. 


Sept. 


May 
Sept. 


Feb. 
Sept. 


Sept. 
Sept. 
Sept. 


Sept. 


Sept. 
May 
Oct. 
Sept. 
Nov. 
Oct. 
Sept. 


June 
Sept. 


Sept. 
Sept. 


Sept. 


Sept. 


Sept. 


Mar. 
Sept. 


Sept. 
Sept. 


Sept. 


Sept. 


1904 


1898 
1904 


1901 
1904 


1904 
1904 
1904 


1894 
Harris, ALLEN. San Juan, Porto 1898 
1904 

1904 

1904 
906 Pennsylvania Bldg., Philadelphia, Pa............. 1904 

1904 
1904 
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Date 
Membership. 

Epwarp Cons. Engr., The Pitometer Co., 220 

2385 Eastern Ave., Cincinnati, Obio. Sept. 1904 
Avery, 385 Hudson Ave., Albany, Sept, 1904 
Engr., Yards and Bldgs., Am. 

Care, Finch, Pruyn Co., Box 

Harry Beacon St., Boston, 


Henry Gorton. West 97th St., New York ity. Sept. 1904 
Harp. 211 Shonnard St., Sept. 1904 
Borisson. Asst. Engr., Phil. Rap. Trans. 

Co., 9th and Dauphin Sts., Philadelphia, Pa........... Sept. 1904 
Supt., Highland Boy Mines, 

Utah Cons. Min. Co., Bingham, Utah................. Sept. 1904 


ASSOCIATES. 
ALEXANDER. Sanford St., East Orange, Sept. 1904 


JUNIORS, 

Care, The Atlantic City Sewerage Co., 

231 Bartlett Bldg., Atlantic City, Sept. 1904 

Fox, Henry Irving St., Cambridge, Mass ..... Sept. 1904 
JOHN. Jay St., New York Sept. 1904 


CLEMENT U.S. Engr. Galveston, Tex. Sept. 1904 


Roserts, ALFRED 411 Fairmount Ave., Jersey 


CHANGES ADDRESS. 


GILBERT Asst. Engr., A., Ry., 1222 East 
Tenth St., Kansas City, Mo. 

209 South St., Philadelphia, Pa. 

Frep Engr., Western Grand Div., A., 


Lewis......Engr., C., Ry., Lines East Mis- 
souri River, Chicago, 
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Bryson, Steel Casting Co., New 
Castle, Del. 


Asst. Chf. Engr., Transcontinental Ry., 
Ottawa, Ont., Canada. 
Frank Civ. Engr., Navy Dept., Wash- 


ington, 
FREDERICK ALBERT.......3175 Euclid Ave., Cleveland, Ohio. 


Frank, Box 333, Liberty, Sullivan Co., 

...92 Marston Ave., Detroit, Mich. 

Harrison, CHARLES Prin. Asst. Engr., East River Div., P., 
York City. 

Hays ............. Cons. Engr., 817 South 48th St., Phila- 


delphia, Pa. 

Hoffman House, New York City. 

Madison Ave., New York City. 

Morris, Henry GURNEY........ and Machinist, 333 Walnut St., 
Philadelphia, Pa. 

ASHBEL Engr., Rapid Transit Subway 
Constr. Co., 500 West 143d St., New 
York City. 

The South Georgia Eng. Co., 
Moreland Ave., Atlanta, Ga. 

CHARLES 1560 Sacramento St., San Francisco, Cal. 

Ross, ALEXANDER BELL............. Walmer Toronto, Ont., Canada. 

SHERMAN, CHARLES Leonard Metcalf, Cons, Engr., 
Beacon St., Boston, Mass. 

Bldg. (Res. 4435 Sansom St.), 
Philadelphia, Pa. 

Francis Epwarp....Chairman, Harbor Trust Board, Madras, 
India. 

Engr., William St., New York 
City. 

WHITTEMORE, Don Engr., C., St. Ry. Co., 1345 
Railway Exchange, Chicago, Ill. (Res., 
222 Biddle St., Milwaukee, Wis.). 

Grant........Lynchburg, 


ASSOCIATE MEMBERS. 


Baum, Westinghouse, Church, Kerr Co., 
Woodhaven Junction 109 Beech 
St., Morris Park), 

Pittsburg, Pa. 

JOSEPH..... Bridges, Park Row (Res., 305 

West 104th St.), New York City. 
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Carter, ALFRED West 123d St., New York City. 

Connor, Capt., Corps Engrs., A., Staff 
Coll., Fort Leavenworth, Kans. 

Cresson, Alignment, North River Div., P., 


New York City. 
Davis, CARLETON Engr., and Sewers, Isthmian 
Canal Comm., Ancon, Canal Zone, 
Panama. 
Davis, FRED Engrs., National Board Fire 


Underwriters, 
Providence, 


821 Ernest Cranmer Bldg., Denver 
Colo. 

Battery Park, New York City. 


Olive St., New Haven, Conn. 
1603 West Girard Ave.), Philadelphia, 


Pa. 
Montreal, Que., Canada. 


Pacific R., Orizaba, Veracruz, Mexico. 
Park Pl., New York City, 


JoHN GRANT...... Engr.’s Office, Guelph Goderich 
Ry., Goderich, Ont., Canada. 

Engr., W., Gila Val., Globe 
North. Ry., and Maricopa Phcenix 
and Salt River Val. Ry., Tucson, Ariz. 


CLARENDON 


Francois Garden St., Cambridge, Mass. 

PFEIFER, HERMAN JULIUS........... Gen. Supt. Constr., Street Dept., 2145 
Blendon St. Louis, Mo. 

THEODORE Bowen Ave., Chicago, 

Broadway, New York City. 

Scumitz, Frank Columbian Fireproofing 
West 26th St., New York City. 

Care, Takata Co., Wall St., New 
York City. 

SPENCER, JOHN Care, Am. Bridge Co., 802 Frick Bldg., 


Pittsburg, Pa. 
Stewart, Brown..........Univ. Wisconsin, Madison, Wis. 
JOHN Asst. Engr. Chg. Roxboro and Bel- 
mont Filters, Bureau Filtration, 
Ford Rd. and Belmont Ave., Phila- 
delphia, 
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Hitt St., Columbia, Mo. 

WRIGHT, JOSEPH 605 West 115th St., New York City. 
ASSOCIATES. 

WILLIAM .......... Engr., Isthmian Canal 


Comm., Ancon, Canal Zone, Panama; 
Care, New York Post Office. 


TURRILL, SHERMAN MARSH......... Church St., Bethlehem, Pa. 

JUNIORS. 
840 Delaware Ave., So. Pa. 
Insp,. Steel Constr., East Side Viaduct, 


10, Fourth Div., Rapid Transit 
Comm., 231 West 125th St. (Res., 
301 West 150th St.), New York City. 
BETTS ........... Hotel Walton, St. and Columbus 


Ave., New York City. 
Davip Tex. 


Care, The Board Public Service, Colum- 
bus, Ohio. 

Hoop, Calvert St., Baltimore, Md. 

Howes, Engr., Wells Bros. Co. New York, 
The Snowdon, James St., Syracuse, 

ARCHIBALD 111 Fifth Ave., New York City. 

ALBERT........... West 128th St., New York City. 


THEOPHANES....Bureau Filtration, Aspinwall, Alle- 
gheny Co., Pa. 

Care, Board Public Service, Columbus, 
Ohio. 

School, Box 671, Yale Station, New 
Haven, Conn. 


BERNARD........... Cons. Engr., Ogden, Utah. 

............19 Hatfield Pl., Port Richmond, 

Van 210 West 106th St., New York City. 

DEATHS. 

Van Elected Associate Member, June 6th, 
1900; died September 28th, 1904. 

ALEXANDER Elected Member, June 6th, 1888; died 
September 14th, 

ARTHUR....... Member, December 4th, 1895; 
died September 19th, 1904. 

REUBEN....... Member, June 4th, 1890; died 


August 1904. 
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CURRENT ENGINEERING LITERATURE. 


[Society 


MONTHLY LIST RECENT ENGINEERING ARTICLES 
INTEREST. 


(September 11th October 10th, 1904.) 


This list published for the purpose placing before the members 
the Society the titles current engineering articles, which can referred 
any available engineering library, can procured addressing 


the publication directly, 
possible. 


the address and price being given wherever 


LIST PUBLICATIONS. 
the subjoined list articles references are given the number pre- 


fixed each journalin this list. 


(1) Journal, Assoc. Eng. Soc., 257 South 
Fourth St.,Philadelphia, Pa., 
(2) Proceedings, Engrs. Club Phila., 
1122 Girard St., Philadelphia, Pa. 
(3) Journal, Franklin Inst., Philadel- 
Pa., 50c. 
(4) Journal, Western Soc. Engrs., Mo- 
nadnock Block, Chicago, 
(5) Transactions, Can. Soc. E., Mon- 
treal, Que., Canada. 
(6) School Mines Quarterly, Columbia 
Univ., New York City, 50c. 
(7) Technology Quarterly, Mass. 
ech., Boston, Mass., 75c. 
(8) Stevens Institute Indicator, Stevens 
(9) Engineering Magazine, New York 
City, 25c. 
(10) Magazine, New York City, 


Inst. 


(11) Engineering (London), Wiley, 
New York City, 25c. 

(12) The International 
News Co., New York 

(13) News, New York City. 


(14) The Engineering Record, New York 
City, 12c. 

Gazette, New York City, 


(16) Engineering and Mining Journal, 
New York City, 15c. 

(17) Street Railway Journal, New York 
City, 

(18) Railway and Engineering Review, 
Chicago, 

(19) Scientific American Supplement, New 
York City, 10c. 

(20) Iron Age, New York City, 

(21) London, 
land, 25c. 

Iron and Coal Trades Review, Lon- 
don, England, 25c. 

(a3) Bulletin, American Iron and Steel 
Assoc., Philadelphia, Pa. 

(24) American Gas Light Journal, New 
York City, 10c. 

Engineer, New York City, 


Eng- 


(26) Electrical Review, London, England. 

(27) Electrical World and Engineer, New 
York City, 

(28) Journal, New Water-Works 
Assoc., Boston, $1. 

(29) Journal, Society Arts, London, 
England, 15c. 

(30) Annales des 
Belgique, Brussels, Belgium. 

(31) Annales del’ Assoc. des Ing. Sortis 
des Ecole Spéciales Gand, Brus- 
sels, Belgium. 

Mémoires Compte Rendu des Tra- 
Soc. Ing. Civ. France, 
Paris, 

(33) Génie Civil, Paris, France. 

(34) Portefeuille des Ma- 

chines, Paris, France. 


(32) 


Nouvelles Annales Construc- 
tion, Paris, France. 

Revue Technique, Paris, France. 

Revue Mécanique, Paris, France. 

Revue Générale des Chemins 
des Tramways, Paris, France. 

Mechanic, Chicago, 


(35) 


(26) 
(37) 
(38) 


(39) 


(40) 


Railway Age, Chicago, 10c. 
(41) 


(42) Transactions, Am.Inst. Elec. Eners., 
New York City, 50c. 
(43) Annales des Ponts Chaussées, 

Paris, France. 
(44) Journal, Military Service Institu- 
tion, Governor’s Island, New York 


Harbor, 50c. 

and Minerals, Scranton. Pa., 

(46) Scientific American, New York City, 

(47) Mechanical Engineer, Manchester, 
England. 

(54) Transactions, Am. Soc. E., New 
York City, $5. 


(55) Transactions, Am. Soc. E., New 
York City, $10. 

(56) Transactions, Am. Inst. Min. Engrs., 
New York City, $5. 

(57) Colliery Guardian, London, England. 

Proceedings, Eng. Soc. Pa., 410 
Penn Ave., Pittsburg, Pa., 50c. 

Transactions, Mining Inst. Scot- 
London and Newcastle-upon- 

(60) Municipal Engineering, Indianap- 
olis, Ind., 25c. 

(61) Proceedings, Western Railway Ciub, 
225 Dearborn St., Chicago, 25c. 

(62) American Manufacturer and Iron 
Ninth St., Pittsburg, Pa. 

(63) Minutes Proceedings, Inst. 
London, England. 

(64) Power, New York City, 

(65) Official Proceedings, New York Rail- 
road Club, Brooklyn, Y., 

(66) Journal Gas Lighting, London 
England, 

(67) Cement and Engineering News, Chi- 
cago, 

(68) Mining Journal, London, 

(69) Mill Owners, New York City, 

(70) Review, New York City, 


(71) Journal, Iron and London, 
England 


(72) Street Railway Review, Chicago, 30c. 

(73) Electrician, London, England, 18c. 

(74) Transactions, Inst. Min. and 
London, England. 

(75) Proceedings, Inst. Mech. Engrs., 
London, England. 


(76) Brick, Chicago. 10c. 
(77) Journal, Inst. Elec. Engrs., London, 
England. 
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LIST ARTICLES, 
Bridge. 


Highway Bridges. C.M.Canady. June. 
Plate Girder Webs. (12) Sept. 


The American Bridge Company’s Ambridge Works: The Bar Shop.* (20) 
Design Relation the Durability Bridges. (12) 


ept. 16. 
Interesting Draw Bridge Built Mostly Wood Working Days.* Martin 
Schreiber. 


(72) Sept. 
Brid Renewal Conditions.* (13) Sept. 22. 
The Sydney Harbor Bridge, Australia.* (13) Sept. 22. 
The Tula and the Chone River Bridges, Mexico.* (14) Sept. 24. 
New Bridges Como Park, St. Paul.* (17) Sept. 24. 
Handling Traffic During Bridge Construction Portland, Cregon.* (17) Sept. 24. 
Rebuilding Wrecked Railroad Bridge Easton, Pa.* (14) Oct. 
Electrical. 


The Phipps Power Building.* Gerald Flanagan. Aug. 
Description the Equipment Engine Works and Shipyard, with Notes 
Thereon. Wraith, Assoc. (77) Aug. 

Theoretical Consideration the Currents Induced Cable Sheaths, and the Losses 

Aug. 
The Engine Test-House.* (77) Aug. 
nst. (42) Sept. 
Experiments Sheath Losses Three-Core J.T. Morris. (73) Sept. 
Some Recent Long-Distance Submarine Telephone Cables.* Breisig. (Abstract 
Paper read before the Elektrotechnischer Verein Berlin.) (73) Sept. 
from Water-Power. Campbell Swinton. (Paper the 
ritis 


Assoc. for the Advancement Science.) (26) Sept. (73) Sept. (47) 
Sept. 10; Abstract (12) Sept. 


The Puget Sound Power Company.* (12) Serial beginning Sept. 

Harbour Cranes.* (26) Sept. 

Energy Losses Magnetising Iron.* and Hansard. (Paper read 
Assoc. for the Advancement Science.) (73) Sept. Abstract 
12) Sept. 

100-Mile Transmission Line. Robert Howes. (Abstract Paper read before the 
National Elec. Light Assoc. America.) (73) Sept. 

Management Dynamos. (47) Sept. 

The Use Electricity the North-Eastern Railway and upon Tyneside.* Charles 


Merz and William McLellan. (Paper read before the British Assoc. for the Ad- 
vancement Science.) (12) Sept. 


How Message Wires are Guarded the Continent. Petit. (26) Sept. 

Experiments for Improving the Construction Practical Standards for 
(Abstract Com. Rept. the British for the Advancement 
Science.) (73) Sept. 

Series Running Enclosed Arcs. Stafford Hatfield. (73) Sept. 

The Installation Electric Cables.* Buck. (Paper read before the Electric 
Club.) (73) 

The Westinghouss Oil Switches for High-Tension Circuits.* (26) Sept. 

The Prevention Handling Electrical Apparatus. (26) Sept. 

The Hopkinson Test Applied Induction Motors.* Sumpner and 
Weekes, (Papar read before the British Assoc. for the Advancement 

Electric Power Supply and Tramways.* (26) Serial beginning 

ept. 


The Northern California Power Company’s Systems.* (27) Serial beginning Sept. 10. 
Storage Battery Exhibit St. Louis.* (27) Sept. 10. 
The Power System Paint Manufacture.* (27) Sept. 10. 
ept. 10. 
The Dasign Press. (26) Sapt. 16. 
The the Radiation Moving Electron. Abraham. (Paper read 
before the British Assoc. for the Science.) (73) Sept. 16. 
and Tediington Electricity Undertaking.* Max. Tilney. (73) 
ept. 16. 
Raising and Lowering Lamps.* Donald Smeaton Munro. (26) Sept. 16. 
The Magnetic Reluctance Air Cores Short Coils.* (73) Sept. 16. 
The Propagation Electric Waves Along Spiral Wires and Appliance for Meas- 
uring the Length Waves used Wireless Telography. (Abstract 
read before the British the Advancemant Science.) (73) 
ept. 16. 
Medium-Span Line Construction.* Copelani. (Paper read before the Pacifie 
Coast Elec. Transmission Assoc.) (73) Sept. 


The New Building for the General Machine Shop and Power House, Lynn.* (14) 
Serial beginning Sept. 17. 
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Electrical—(Continued). 


The Maintenance Organization the Bay Counties Power Co.’s Works.* (14) Sept. 17. 
Design Armature Coils.* (27) Sept. 


Securing Secrecy Wireless Telegraph Signaling.* Guarini. 
(19) Sept. 17. 
The for Telegraphing upon Telephone Lines.* Emile Guarini. 
ept. 17. 
The Jungner Nickel-Iron Accumulator and its Origin.* (19) Sept. 
Hydraulics Connection with Electric Railway Work. Morrow. (72) Sept. 20. 
Lar Bulb Incandescent Electric Lamps Secondary Standards Light. 


leming. (Abstract Paper read before the British Assoc. for the Advancement 


23. 

the Heating Cable Sheaths.* Field. (26) Sept. 23. 

The Care Switchboards. (26) Sept. 23. 

000-Volt Power Transmission from Gromo Nembro (Lombardia).* 
26) Sept. 23. 

The Willesden Power House the North Metropolitan Electric Power Supply Co.* (73) 
Serial Sept. 23. 

The Duplex Balancing Telegraph Cables.* W.Gaye. (73) Serial beginning Sept. 23. 

The Starting the Heyland Single-Phase Induction Motor.* (73) Sept. 

The Electromotive Force the Clark Cell. (73) Sept. 23. 

the Predetermination Plunger Electromagnets.* Silvanus Thompson. (Paper 
read before the International Elec. Congress.) (73) Sept. 

16-Mile 000-Volt Experimental Electric Transmission Line, Balch. (Paper 
read before the Pacific Coast Elec. Transmission Assoc.) (73) Sept. 23. 

Transmission Lines (to the St. Ry. Assoc. the State Y.) 

17) 24. 

Testing Large Capacity Induction Wattmeters. (27) 

American Practice High-Tension Line Construction and Operation. Perrine, 
Am. Inst. Elec. (Abstract Paper presented before the International Elec. 
Congress.) (13) Sept. 29. 

The Puyallup River Water Power Developmeut near Tacoma, Washington.* (13) Sept. 
29; (14) Oct. (27) Serial beginning Oct. 

Aluminium Electrical Conductors. Roderick Parke. (Abstract Paper read before 
the Canadian Elec. Assoc.) (26) Sept 30. 

New Electro-Chronograph.* David Owen. (73) Sept. 30. 

Electrolytic Receivers Wireless Telegraphy. Lee Forest. (3) Oct. 

Telpherage.* (3) Oct. 

Speed Control Motors.* Norman Gardner Meade. (64) Oct. 

The Service Power Plant the World’s Fair.* (41) Oct.; (18) Oct. Oct. 

Power Station Equipment for the World’s Fair, St. Louis.* (27) Oct. 

Electric Motors Machine Service. (14) Oct. 

Regulation Combined Steam and Hydraulic Power Systems. (14) Oct. 

The 000-Horse-Power Three-Phase Turbo-Alternator the Porta Volta Electric Sup- 
ply Station Milan.* (19) Oct. 

The Yorkshire and Lancashire Electric Power Companies.* Paper read 
before the International Elec. Congress.) (14) Oct. 

Gas Engine Harbor Electric Plant.* (27) 


the Ontario Power Company Niagara Falls.* (14) Serial beginning 

System Attuned (Translated from Prometheus.) (19) 


Expériences sur les Courants Continus Haute Tension.* (33) 
des Eaux Condensation par Courant Electrique.* (33) 
ept. 24. 

Les Alternateurs Westinghouse.* F.Gramyr. (36) Sept. 25. 

Sur Rationnel des Dynamos. Guilbert. (From Bulletin trimes- 
triel Société amicale d’ingénieurs sortant supérieure d’Electricité. 
(36) Sept. 25. 

Marine. 


escription the Electrical Equipment Engine Works and Shipyard, with Notes 
Thereon. Wraith, Assoc. (77) Aug. 
The Austrian Lloyd’s Steamer Africa.* (11) Serial beginning Sept. 
The Indian Dufferin. (12) Sept. 16. 

Launch the First Liner for Transatlantic Traffic. (46) Sept. 17. 
Steam Turbine Propulsion for Marine Purposes. Rateau. (Paper read before the 
Inst. Naval Archts.) (19) Serial beginning Sept. 17. 
Launch Motor.* Edward Butler, (47) Serial beginning 

ept. 24. 

The Design Dry Dock.* Alfred Young. (Paper read before the Junior Inst. 
Engrs.) (11) Sept. 30. 
Auxiliaries War Fleet; with Special Reference Recent Additions the British 

Archibald Hurd. (10) Oct. 
Launching the Connecticut and Milwaukee.* (46) Oct. 
The Launching the Battleship Connecticut.* (20) Oct. 


Tilustrated. 
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Marine—(Continued). 


Italian First-Class Regina Margherita.* (19) Oct. 
Some New Types Lifeboats.* (46) Oct. 

Peary’s New Ship for Workin Arctic Seas.* (46) Oct. 

Ponts Roulants pour Cales Construction Navires.* (34) Sept. 


Mechanical. 


Inertia Gas and Steam Engines.* (58) July. 

Simple Dynamometer.* W.J.Spiro. (6) 

The Utilization the By-Products the Manufacture Portland Cement. Bernard 
Enright. (67) Aug. 

Flame Temperatures Internal Combustion Engines. (22) Aug. 26; (26) Sept. 

The Utilisation Waste Heat from Coke Ovens. (22) Aug. 26. 

The Aerial Ropeway Aberfeldy.* (12) Sept. 

The Utilisation Coke Oven Gas.* (12) Sept. 

Tandem Compound Drop Valve Steam Engine.* (12) Sept. 

The Zoelly Steam Turbine.* Walter port. (26) Sept. 22. 

The Calorimetry Gaseous Fuels.* Garnet Wernham. (Abstract Paper read 
before the Junior Inst. Engrs.) (47) Sept. 

Flame Temperatures Internal-Combustion Motors.* Dugald Clerk. ‘Paper read be- 
fore the British Assoc. for the Advancement Science.) (47) Sefial beginning 


Sept. 
The Receiver Drop Compound Engine. Joseph Hayward. (Paper 
before the British Assoc. for the Advancement Science.) (47) Sept. (73) 
ept. 16. 
Machine Tools St. Louis Exhibition.* (22) Sept. 
The Prevention Heat Radiation from Steam Pipes.* Francis Davies. (73) 


Sept. 
New Oil Engine.* (12) Sept. 
ning 
The Turbo-Electric Power System Paint Manufacture.* (27) Sept. 10. 
Effective Steam Plants for Gas Manufacture. (Paper read before:the 
Pacific Coast Gas Assoc. (24) Sept. 12. 
Boiler Scale and the Transmission Heat.* Risteen. (62) Sept. 15. 
Bricking Plant for Flue Dust and Fine Ores.* Jas. Bennett. (16) Sept. 15. 
Tests Oil with Steam Injection.* (13) Sept. 15. 
Guy Derricks the New Wanamaker Store, Philadelphia, Pa.* (13) 
15. 
Latest Design American Steel Plant for the Production Billets.* (22) Sept. 16. 
The Clarkson Steam-Motor Omnibus.* (12) Sept. 16. 
240-H. Diesel Oil Engine.* Michael Longridge, Inst. (47) 
ept. 17. 
The Crocker Steam Turbine. Sept. 17. 
Pro the Mechanical Equipment the Whitehall Building, New York.* (14) 
ept. 17. 
Molasses Pumping Plant Boston.* Sept. 17. 
Com Air and Pneumatic Tools Engineering Works. Frank Fielden. (62) 
ept. 22, 
Forty-Passenger Automobile.* (20) Sept. 22. 
Standard and Systematic Methods for Making Beds.* Thomas West. (Paper read 
before the Amer. Assoc.) Sept. 23. 
Small Briquettes.* Dr. Steger. (From Stahl und Eisen.) (57) 
apt. 23. 
Valve Motion: Its Relation Steam (Abstract Paper read before the 
Traveling Engineers’ Assoc.) (40) Sept. 23. 
Imperial Works the Oil Well Supply Co., Oil City, Pa.* (14) Sept. 24. 
Suction Gas Producers.* Oskar Nagel. (27) Sept. 
Lamp Lighting and Extinguishing Device.* Alfred Gradenwitz. (19) 
ept. 24. 
Turbine Testing Plant the Westinghouse Machine Co.* (14) Sept. 24. 
Internal Combustion Engines the St. Louis Exposition.* (27) Sept. 24. 
Some Practical Observations the Flow Pipes. (24) Sept. 26. 
Reeves Engine Tests.* (62) Sept. 29. 
30-Inch Double Boring and Turning Mill.* (12) Sept. 30. 
The Utilisation Peat.* (22 Sept. 30. 
The Economy Feed Water Heating. (64) Oct. 
Solution Important Gas Engine Problem. (64) Oct. 
Steam Turbine Construction.* (64) Oct. 
The Turbine and its Applications.* (64) Oct. 
Portland Cement Crushing and Grinding Machinery.* illeau and Lyon. (60) Oct. 
Fuel Gas for Internal Combustion Engines: Notes upon its Generation and Uses.* 
Bibbins. (10) Oct. 
Condensing Plant: Types British Condensers and Booth. (10) 
Serial beginning Oct. 
Important Improvements Planer Design. (25) Oct. 
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Mechanical—(Continued). 


The Fuel Briquetting Industry: the Materials which Briquets are Made, Binders, 


Shapes Briquets, Processes and Machinery Used.* John Fulton. 
ct. 


Lathe Centers.* Frank Kleinhans. (41) Oct. 
The Practical Working High-Speed Steels. Thomas Beasley. (41) Oct. 
The Establishment Schneider Co., France.* Ramakers. (41) 
ct. 
Oil Burning Furnaces.* Uren. (Paper read before the Nat. Master Black- 
smiths’ Assoc.) (18) Abstract (15) Sept. 30; (20) Oct. 


The Construction Indicating Recording Tin Plate Aneroid Barometer.* 
Monroe Hopkins. (19) Oct. 


Electric Motors Machine Shop Service. (14) Oct. 

Retort House Practice Small Works. George Turner. (Paper read before the 
Michigan Gas 24) Oct. 

The Practical Handling High Speed Steels. (20) Oct. 

Steel Castings. (20) Oct. 

the Mechanical Plant the North American Building, New York.* 
(14) Oct. 

Temperature Applied the Production and Purification Coal Gas.* V.F. Dewey. 
(Paper read before the Michigan Gas Assoc.) (24) Oct. 10. 

The Formation Naphthalinein Coal Gas. Alfred White and Ball. (Paper read 
before the Michigan Gas Assoc.) (24) Serial beginning Oct. 10. 

des Postes Télégraphes Systeme Ch. van Driessche. (30) Aug. 

Fabrication des Chaines sans Soudure par Procédé Belge Laminage Annulaire.* 
Eug. (30) Aug. 

dela Vapeur Surchauffée dans les Machines Pistons.* Richter. 
(37) Sept. 

Force Saint Louis: Installation des Générateurs 
Vapeur.* Piaud. (33) Sept. 

Installations Mécaniques Frigorifiques New-York.* (33) Sept. 10. 

Les Nouvelles Usines Cail, Denain (Nord): Société Frangaise Constructions Mé- 
caniques.* (33) Serial beginning Sept. 24. 

Elévateurs Grues Electriques.* (36) Sept. 25. 

Les Voitures Peugeot.* (36) Sept. 25. 


Metallurgical. 


Sixth Report the Alloys Research Committee: the Heat Treatment Steel.* 
William Roberts-Austen and William Gowland. No. 1904. 
Charge for Gold and Silver Ores. 


July. 
Pyrometry.* Waidner. (58) Sept. 
Handling Blast Furnace Stock.* (From Iron Trade Review.) (47) 
ept. 


pt. 

The Tube the Transvaal. (12) Sept. 

The Theory the Hot Blast. Elbers. (62) Sept. 15. 

Effects Annealing Steel Rails. Thomas Andrews, Inst. E., and Charles 
Reginald Andrews. (62) Sept. 22. 

Pig-Iron its Commercial Thomas. (Abstract Lecture before the 
Birmingham Metallurgical Soc (22) Sept. 23. 

for British Foundry Iron. (22) Sept. 23. 

Modern Blast Furnace Construction: From the Drawing Office Point View. 
Bayley. (20) Sept. 29. 

Ore the Louisiana Purchase Exposition: The Working Mills and Models Ex- 
hibited California, Utah and South Dakota.* (45) Oct. 

The Mill: Description the Plant the Portland Gold Mining 
Co., Springs, Colo. Thomson and Goodale. (45) Serial be- 
ginning Oct. 

Influence Tempering the Electric Resistance Steel. Chatelier. (Paper 
read before the Académie des Sciences.) (19) Oct. 

The Determination Carbon, with Special Reference the Stability Carbon Com- 
pounds Steel.* James Aupperle. (20) Oct. 


Chlorine Metallurgy. (Abstract Paper read before the Inter- 
national Electrical Congress.) (13) Oct. 


Recherches sur les Aciers Titane Léon Guillet. (33) Sept. 17. 


Military. 


Electrically-Operated Submarine Mines.* Waldon Fawcett. (26) Sept. 
Electric Night Sights.* (26) Sept. 


Mining. 


Safeguards Bituminous Coal Mining. (58) July. 
Underground Wire-Rope Haulage.* (22) Aug. 26. 


Hall and Popper. (6) 


Tilustrated. 
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Mining—(Continued). 


Mine Signalling Compressed Air.* (22) Sept. 

The Applications Electricity the Pinxton Collieries.* (73) Sept. 
Timber and Timbering.* (16) Serial beginning Sept. 15. 
The South Wilkes-Barre Colliery.* (16) Sept. 22. 

Improvements the Birley Collieries.* (22) Sept. 23. 


Pillar Working Bengal, India. Geo. Stonier. (Paper read before the Inst. 
Min. Sent. 23. 
riven, 


Oil-Engine, mping and Electric Lighting Plant Syndale Colliery. Thos. 
Beach. (22) 


(Paper read before the National Assoc. Colliery Managers.) 
ept. 30. 
Large Blasting Operations Slate Quarries.* (22) Sept. 


The Problem Dynamic Balance. Roberton. (Paper read before the Inst. 
Min. Engrs.) (57) Sept. 30; (22) Sept. 16. 


The Henry the Davis Coal Coke Company: Description the Plant and 
the Mechanical Equipment.* Healy. (45) Oct. 
Suspension des Cables Mines.* (34) Sept. 


Miscellaneous. 


The National Physical Laboratory: Recent Researches and Future Work. 
Glazebrook. (Abstract read before the British Assoc. for the Advance- 
ment Science.) (73) Sept. 

The Outlook for Engineering Education. C.Frank Allen, (Address 
for the Promotion Eng. Education.) (40) Sept 16; Abstract 
pt. 15. 


Municipal. 
Rolling Lift Road.* (67) Sept. 
The Development and Importance Fire Calls and Alarms. 
Paper read before the International Fire Service Congress.) (26) 
ept. 23. 


Street Lighting. Hatch. (Paper read before the International Assoc. Mun. 
Electricians.) (60) Oct. 


Railroad. 


High-Speed Electric Railway Experiments the Marienfelde-Zossen Line.* Alexander 
Siemens, M.I. (77) Aug.; Abstract (25) Oct, 

Special Tools the Elkhart Shops the L.S. Ry.* Sept. 

Report Tank Car Committee, Association.* (39) Sept.; Sept. 23. 

Clearance Reducing Valve Mechanism and Cylinder.* (39) Sept. 

Dining-Car for the Great Western Railway.* (11) Sept. 

Freight Wagons the Lancashire and Yorkshire Railway.* 

22) Sept. 

Four-Cylinder Compound Locomotive.* (12) Sept. 

The Use Electricity the North-Eastern Railway and upon Tyneside.* Charles 
Merz and William McLellan. (Paper read before the British Assoc. for the Advance- 
ment Science.) (12) Sept. 


The Exhibit the Big Four Route” the St. Louis Exhibition.* H.W. Hanbury, 
(11) Serial beginning Sept. 

New Type Compound Locomotive, Adriatic System, Italy.* (18) Sept. 10. 

Further Use Steel and Reinforced Concrete Ties.* (18) Sept. 10. 

German High-Speed Compound Locomotive the St. Louis Exhibition.* (13) Sept. 15. 

Station for the Central Railroad New Jersey.* (15) Sept. 16; 

Sept. 16. 
The Automatic Air and Steam Coupler.* Sept. 16; (40) Sept. 16; 

United States Standard Postal Car.* (40) Sept. 16. 

Mallet Locomotive, St. Louis Exhibition.* (12) Sept. 16. 

Henschel Three-Cylinder Compound Locomotive.* (40) Sept. 16. 

‘The Southern Pacific Flat-Bottom Tieplate. (40) Sept. 16. 

Rail Fastenings. Morrison. (Paper read before the Roadmasters’ and 
Assoc.) (40) Sept. 16; Abstract (15) Oct. 

Track Improvements and Maintenance Expenses. Tratman. (Paper read 
before the Roadmasters’ and Assoc.) (40) Sept. 16. 

Modern Locomotives the St. Louis Exposition.* Sept. 17. 

New Design Superheater for Locomotives.* (47) Sept. 17. 

Effects Annealing Steel Rails. Thomas Andrews, Inst. E., and Charles 
Reginald Andrews. (62) Sept. 22. 


Locomotive for the London and South-Western Railway.* (11) 


ept. 23. 
The New High-Capacity Rolling Stock the Great Central Railway.* (22) Sept. 23. 
New York Terminal Station the Sept. 23; Oct 


New Passenger and Freight Terminal the Toledo Railway erminal Company.* 
(15) Sept. 28. 


Concrete Cross-Ties the Ulster Delaware.* (15) 28; (13) Oct. 
The Sedalia Shops the Missouri Pacific.* (40) Sept. 28. 


Illustrated. 
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Railroad—(Continued). 
Boston Maine Ten-Wheelers.* (18) Sept. 24. 
Passenger Car Ventilation System the Pennsylvania R.* Charles Dudley. (18) 
Serial beginning Sept. 24. 
The Passenger Car Ventilation System the Pennsylvania (14) Sept. 24; 
(13) Sept. 29; (15) Sept. 30. 
the Protection Trains Engine-Cab Signals.* Emile Guarini 
19) Sept. 24. 
Tracks and Station Facilities the Union Station, St. Louis, Mo.* 
13) Sept. 29. 
Motor Feeders Railroads. Campiglio. (From Bulletin the Interna- 
national Ry. Congress.) (15) Sept. 30. 
Automatic Coupler, Draw-Bar and Buffer for Railway Work.* (22) 
pt. 30. 
Six-Coupled Locomotive for the Pekin Syndicate Railways.* (11) Sept. 30. 
New Locomotive Works Canada.* (12) Sept. 30. 
New Locomotives for the Southern Pacific.* (15) Sept. 30. 
The Ganz Three-Phase Electric Railway System.* (15) Sept. 30. 
Lehigh Valley Shops Sayre.* (40) Sept. 30. 
Report presented before the International Ry. Congress.) (40) Sept. 30. 
The Carter Continuous Track Derail.* (40) Sept. 30. 
The Development the Compound Locomotive England.* W.E. Dalby. (9) Oct. 
Six-Couple Locomotive, Boston Maine Railroad.* (25) Oct. 
Steam Motor Cars: Great Central Railway.* (21) Oct. 
Electrical Motor Truck: North Eastern Railway.* (21) Oct. 
The Adlake Acetylene Car Lighting System. Ed. Langworthy. Paper 
read before the Southern and South Western Ry. Club.) (21) Oct. 
2nd Class Carriages: Belgian State Railways.* (21) Oct. 
Uniform Code Signalling Detonators. (21) Oct. 
Coupled Engines: Japanese Government Rs.* (21) Oct. 
20-Ton 4-Wheeled Hopper Wagon: Great Central Railway.* (21) Oct. 
Express ngines (44-0 Outside Cylinders Class): Great Western Railway.* 
(21) Oct. 
Impressions Foreign Railroad Practice. (25) Serial beginning Oct. 
New Locomotive and Car Shops, McKees Rocks, Pa., Pittsburg Lake Erie Railroad: 
Blacksmith Shop Equipment.* (25) Oct. 
Valves with Relief Plates, Pennsylvania Railroad.* Oct. 
The Cross-Compound Locomotive: Distribution Power.* Kinsell. (25) Oct. 
mprovements the New York, New Haven Hartford Railroad. (14) 
Standard Tunnel Plans, New York Central R.* (18) Oct. 
The Locomotive Exhibits the St. Louis Exhibition.* (13) Oct. 
Controlled Manual Block Signals: Illinois Central.* (40) Oct. 
Trolleys and Hoists Railway Shops.* (40) Oct. 
Progress the Washington Tunnel.* (15) Oct. 
for the Central Railroad New Jersey.* Oct. (40) Oct. 
(18) Oct. 
Tie Plates. Com. Roadmasters’ and Assoc.) Oct. 
New Locomotives and for the Paris-Orleans.* (15) Oct. 
Improvements the Philadelphia, Baltimore and Washington.* (15) Oct. 
Tank Suburban Engine—Long Island Railroad.* (18) Oct. 
Chemin Fer Métropolitan Paris.* (35) Serial beginning Sept. 
Rupture des Tubes Indicateurs Niveau d’Eau, Dispositions Adoptées ala agnie 
Nord pour Mettre Personnel des Locomotives des Accidents Qui 
Résultent.* Sept. 
Espitallier. (33) Sept. 
Les Grandes Vitesses sur les Chemins Fer.* Bonnin. (36) Sept. 10. 
Les Nouvelles Locomotives Compound Chemin Fer Ceinture, Paris.* 
Barbier. (33) Sept. 10. 
Funiculaire Bourboule (Puy-de-Dome).* A.Dumas. 
Saturateur Heintz pour Chauffage par Vapeur sans 
ment. (36) Sept. 25. 


Railroad, Street. 


Present Electric Railway Practice. Clarence Renshaw. (58) July. 
Mersey Railway: Multiple Control.* Kirker. (77) Aug. 
The Best Form Current for Light Railways. (Abstract Paper read 
before the International Union Tramways and Light Rys.) Sept. 
Side-Slip Motor-Cars.* Horace Darwin and Burton. (Paper read before the 
British Assoc. for the Advancement Science.) (11) Sept. 
Metropolitan Electric Power Supply and Tramways.* 


Sept. 17. 
ression.* Brosse- 


26) Serial beginning 


ept. 
New Sub-Station the Central London Railway.* (73) Sept. 
New American Single-Phase Motor.* (73) Sept. 


Tilustrated. 
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Street—(Continued). 


American Single-Phase Railway.* (47) Sept. 10. 

History and Physical Aspects the New York Subway.* (15) Sept. 16. 

Traffic Features the Subway.* (15) Sept. 16. 

Signaling the Subway. (15) 16. 

The Power Equipment the New York Subway. (15) Sept. 16. 

Tests the Insulation Resistance Electric Tramway Systems and Maintenance 
the Trolley Wire. Sept. 17. 

The Dayton, Covington Piqua Traction Company.* (17) Sept. 17. 

Trolley for Multiple-Unit Electric Trains.* Herbert Bennett. (46) Sept. 17. 

Work Electric Railway Test Commission.* Will Spalding. (72) 
Sept. 20. 

Hydraulics Connection with Electric Railway Work. Morrow. (72) Sept. 20. 

Third-Rail System the Scioto Valley Traction Co., Columbus, Ohio.* (72) Sept. 20. 

The Fayet-Chamonix-Martigni Electric Ry.* Enrico Bignami. Sept. 20. 

Power Facilities and Car House Practice Followed the Public Service Corporation 
(of New Jersey.) (72) Sept. 20. 

Mill Construction Car House and Office Bristol.* (72) Sept. 20. 

Notes the Power Stations the St. Louis Transit Co.* Richard M’Culloch. (72) 


Sept. 20. 

McKinley Syndicate Properties Central (72) Serial beginning Sept. 20. 

Maintenance Electric Cars and Their Equipment. Benedict. (Abstract 
Paper read betore the St. Ry. Assoc. the Y.) (72) Sept. 20. 

Block Signaling Electric Railways with Track Circuit Control. (Paper 
read before the St. Ry. Assoc. the State Y.) (72) (17) Sept. 24. 

Vestibule Cars for Metropolitan Elevated.* (72) Sept. 20. 

Hadfield’s Special Track-Work.* (11) Sept. 23. 

South London Conduit Tram Lines.* (12) Sept. 23. 

New Terminal Facilities the Minnesota State (17) Sept. 24. 

Power Production and Distribution the Metropolitan Street Railway System, New 
York. Starrett. (Paper read before the State St. Ry. Assoc.) (14) 
Sept. 24; (17) Sept. 21. 

Cars: Their Equipment and Maintenance (on the Nottingham System). Aldworth. 
(Paper read before the Municipal Tramways Assoc. Great Britain.) (73) Sept. 
Abstract (26) Sept. 30. 

Steel Cars for the New York Subway.* (15) 30; (25) Oct. 

Electric Interurban Systems for reight and Passengers.* Ralph Scott. 

The Power House the Subway Division, Interborough Rapid Transit New York.* 
(14) Serial Oct. 

Stations and Engineering Details the New York Subway System.* (17) 


General Design and Finish the Modern Interurban Car.* Edward Boynton. (17) 
ct. 


New Form Sprague-General Electric Automatic Relay Train Control for Boston 
Elevated Railway.* (17) Oct. 

Power Used Brakes. (17) Oct. 

Signals the Subway.* (15) Oct. 

Some Early Electric Railway Generators.* A.L. Rohrer. (27) Oct. 

Underground Rapid Transit New York City.* (27) Serial beginning Oct. 

Viaduct Erection Section 10, New York Rapid Transit Railroad.* (14) Oct. 


Sanitary. 


Centrifugal Fans and Their Application the Heating Industrial Buildings. 
Hayward. June. 

French Heating Methods.* Debesson. (70) Sept. 

The Ventilation Retort Houses. Alfred Lotz. Serial beginning Sept. 

The Island Refuse Conveyor Plant.* (14) Sept. 17. 

Refuse-Consuming and Gas-Producing Furnace.* (47) Sept. 24. 

Reinforced Concrete Sewers Wilmington, Del.* (60) Oct. 

Sewage System for Mining Oct. 

Works under Construction Minworth Greaves, England. (14) 

ct. 

Experiments Purifying Brewery Refuse. (14) Oct. 

Cleaning the Ponds Boston Park. Oct. 

The Ventilation the Hotel Astor, New York.* (14) Oct. 

des Locaux Textile.* Paul Razous. (33) Sept. 17. 

Chauffage Eau Chaude, Circulation Périodique Continue, Systéme Rouquand.* 
Monteilhet. (33) Sept. 24. 


Structural. 
Preliminary the Committee the Uniform Analysis Cement and Cement 
Materials. Newberry, Richard Meade, and Ernest McCready. (Paper 


read before the Amer. Chem. Soc.) (67) Aug. 


Tilustrated. 
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Structural—(Continued). 


The Twenty-four Hour Test (of Cement). Krottnaurer. (67) Aug. 

Universal Testing Machine 300 Tons for Full-sized Structural Members.* 
Wicksteed, (Paper read before the British Assoc. for the Advancement 
Science.) (12) Sept. (11) Sept. (47) Sept. 17. 

The Fracture Structural Steel under Alternating Stresses.* John Oliver Arnold. 
the Assoc. for the Advancement Science.) (12) Sept. 

(47) 24, 

Plate Girder Webs. (12) Sept. 

The Power Plant Tall Office Buildings. (26) Serial beginning Sept. 16. 

Notes Fireproofing Buildings. Perez Stewart. (Abstract Paper read 
before the International Assoc. Fire Engrs.) (13) Sept. 22. 


Thin Cylinders Subjected Internal Pressure.* Weston. (12) 
ept. 23. 


Preservative Coatings for Iron and Steel. (15) Sept. 23. 
Imperial Works the Well Co., Oil City, Pa.* (14) Sept. 24. 
Replacing Girders Lower Story High Office Building.* (14) Sept. 


Foundations Washington Barracks, D.C.* John Stephen Sewell. (14) 


Modern Blast Furnace Construction: From the Drawing Office Point View. 
Bayley. (20) Sept. 29. 
The and Warping Timber.* Harold Busbridge. (From Technics.) (19) 


ict. 1. 
ict 


Concrete Pile Wall Foundations.* (14) Oct. 

Fire-Resisting Construction the Butterick Building, New York.* (14) Oct. 
Resistance des Mortiers Hydrauliques Mer. Emile Camerman. (30) Aug. 
Comparison des Pouvoirs Couvrants Blanc Zinc Céruse. (33) Sept. 


Des Efflorescences Blanches des Taches Rouges dans les Produits 
Alexandre Girard. (36) Sept. 25. 


Topographical. 


Monuments for Surveys. Herring. (60) 


The Completion the Longitude Girdle the Globe: Determination the Difference 
Longitude Between San Francisco and Maniia. Edwin Smith. (13) Oct. 


Water Supply. 


Contract for Furnishing Cast-Iron Water Pipes and Cast- 
ings. (28) Sept. 

The Puget Sound Company.* (12) Serial beginning Sept. 

Electricity from Water-Power. Campbell Swinton. (Paper read before the Brit- 


ish Assoc. for the Advancement Science.) (26) (73) Sept. (47) Sept. 
10; Abstract (12) Sept. 


Nile Irrigation.* Hanbury Brown. (12) Sept. 

The Northern California Power Company’s Systems.* (27) Serial beginning Sept. 10. 

The Maintenance Organization the Bay Counties Power Co.’s Works.* (14) 

Discharge Pipes Kutter’s Formula.* John Gregory. (14) 


ept. le. 

The Wood-Stave Conduit the Atlantic City Water-Works.* (14) Sept. 17. 

The the Modesto and Turlock Districts, Cal.* (14) Serial begin- 
ning Sept. 17. 

Government Drainage Investigations Connection with Irrigation. (14) Sept. 17. 

The Supervisory Control Water Supplies Great Britain. James Robert Kaye. 
(Paper read before the Sanitary Inst. Great Britain.) (14) Sept. 17. 

So-Called Rusting Tank for Producing Coagulant for Water rification. (13) 


Sept. 22. 
Proposed Earth Dam with Steel Core and Reinforced Concrete Spillway Ells- 
worth, Me.* (13) Sept. 22. 
Air Lift Pumps.* W.H. Booth. (26) Sept. 23. 
The 40,000-Volt Power Transmission from Gromo Nembro (Lombardia).* 
ept. 23. 
Completing the New Croton Dam.* (46) Sept. 24. 
Sand Filters for the Providence Water-Works.* (14) Serial beginning 
ept. 24. 
Sulphate Treatment Lakes Clifton and Montebello, Baltimore Water-Works. 
Quick. (14) 24; (13) Sept. 29. 
The Puyallup River Water Power Development near Tacoma, Washington.* (13) 
Sept. 29; (14) Oct. (27) Serial beginning Oct. 
New Sinking Pump.* (12) 30. 
The Water Supply Modern City Buildings. Wm. Paul Gerhard, Mem. Am. Soc. 
(10) Serial beginning Oct. 
The New Water Supply Troy, Y.* Raymond. (13) Oct. 
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Water Supply—(Continued). 

Charles River Dam and Basin Boston, Mass.* Albert Holmes. (13) 
ct. 

Replacing the Earth Portion the New Croton Dam Masonry.* (13) 

the Ontario Power Company Niagara Falls.* (14) Serial beginning 
ct. 

Diagram Giving Dimensions Conduits Equal Capacity.* Oct. 

Rationelle des Boues des Eaux-Vannes Industrielles.* (30) 
ug. 

ept. 10. 


Waterways. 


Hydraulic Lift Locks the Trent Canal, Ontario.* Bulkley. 

Sept. 

Sawing Off below Water.* (14) Oct 

Les Etablissements Maritimes Ville d’Anvers Leurs Diverses Extensions.* 
Royers and Fr. Winter. (30) 

Note sur Transformation Canal Digoin.* Mazoyer. (35) Sept. 
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SOME NOTES THE CREEPING RAILS. 


Discussion.* 


Gustav Am. Soc. (by letter).—This subject 
has been much interest the writer for many years, particularly 
connection with track over bridges, and has led him investiga- 
tion the creeping rails, generally, and the formulation 


follows: 


well known, rails creep the direction the 
whether grade down grade. single track, rails creép the 
direction heavier traffic; otherwise they creep down grade. 

The force with which track creeping seems almost irre- 
sistible. Notching the rail base for the spikes was one the means 
employed stop it. But were gradually sawed into, pulled 
out sheared off the creeping rails. Later, when the practice 
notching was given up, because steel rails were apt break the 
notched places, spiking the angle bars the rail was resorted 
to. Special angle brackets straps bolted the rail between joints 
are also used. But all vain. 

Several explanations have béen given for the phenomenon, but 
none accounts for all its peculiarities satisfactorily. own view 


that creeping caused the push the rolling friction the wheels 


*This discussion (of the paper Samuel Tobias Wagner, Am. Soc 


views 
all members for further discussion. 
Communications this subject received prior November 25th, 1904, will pub- 


lished subsequently. 


Railroad Gazette, September 29th, 1899. 


Mr. Linden- 
a 


the rails. 


for illustration per mill. 
thus exert push the rail. 

the friction between the loaded rail and the 
the holding power the any way imperfect! 
least times greater than 
wheels, the rail could not possibly move creep under smoothly 


rolling load. 


But the wheels not smoothly and moreover they not roll 
The rails are lengths from ft., with 
wheels get upon each rail 


over continuous rails. 
space between the ends for expansion. 
length suddenly, and instead quiet push static force 
per wheel, there horizontal blow force, the effect 
which increases the square the velocity the train. 

should understood that this horizontal blow not caused 
the depression the rail ends the space left for expansion 
between them, although both these features, when they exist, un- 
unavoidable with the smoothest 

and any kind rail joint (including the joint which the outside 
splice bar carries the wheels over the rail ends) because the longitudi- 

nal strain set suddenly each rail length, and cannot trans- 
mitted the next rail, unless the rail ends were tightly pressed 
together, equivalent continuous rail. 

Taking miles per hour, usual speed for fast freight trains, 
equal ft. per second, the impact from the rolling friction the 
same iron ram, weighing one ton, would hit the end the rail 
with velocity ft. The car wheels being spaced 
ft. apart, will deliver upon the receiving end 30-ft. rail from 
such blows per second. the rail not rigid and smooth, if, 
the contrary, reason defective yielding supports, 
and its resilience causes the wherls rebound and ricochet, that 
they longer roll with uniform pressure, then each wheel will hit 
the rail many additional horizontal blows makes jumps 
rebounds. rebound every few feet ordinary occurrence 
spiked track. 30-ft. rail may thus receive from glancing 
blows per second, and from train cars total 500 000 
blows, varying effect from few foot-pounds 180 000 and more 
per blow, lengthwise with the rail and the direction the train. 

With this explanation not difficult understand why the 
creeping should seem irresistible, the rails shearing off spikes and 
bolts and wandering steep grades. principle, make plain, 


doubtedly augment its force. 


DISCUSSION THE CREEPING RAILS. 


If, for illustration, imagine the cars mounted Mr. Linden- 
skids instead wheels, the creeping would greater the propor- 
tion sliding friction greater than rolling friction. 
the locomotives are the only wheels exerting pull the rails, which 
for the time being are pinned down and cannot move. 
transmitted friction through the ties the ballast and earth under- 
neath, the whole forming anchorage—but traveling anchorage— 
always located under the locomotive, whether pulling adhesion, 
through cog-wheels rack rail. 

All other wheels behind the locomotive exert push the rails 
through rolling friction the direction the train. 

The coefficient rolling friction varies with the velocity the 
train from nearly one per cent. for slow velocities four per mill for 
trains and over miles per hour. 
average value for fast trains tangents and curves may assumed 
car wheel loaded with 000 will 


The drivers 


also varies curves. 


fitting and usually loose 
rolling friction the 


| 
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Mr. Linden- 
thal. 


Mr. Camp. 
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the same dynamic effect with which the blows from 10-Ib. ham- 
mer will suffice overcome the friction (of over 000 rail 
spike oak tie. 


rail may held down spikes and the moving loaded 
cars, but will nevertheless displaced their effect 
the manner stated. 


rail moves individually and independent the adjacent 
rails. The play left for expansion the joints facilitates the creeping. 
There could creeping with continuous rail. 

All observed facts can now satisfactorily explained. There 
creeping switch yards side tracks, which trains move 
slowly and opposite directions. Compared the basis ton- 
the rate creeping greater tracks for fast trains, and 
with short light flexible rails, and poorly ballasted and yielding 
foundations. cause which induces increases rebounding 
the wheels (as poor rail joints) will increase creeping. 

down grades, where the locomotive not pulling, the effect 
its wheels will added that the car wheels, and that ac- 
count and reason the greater velocities down grades, the 
creeping will greater. also the outside rails curves creep 
faster than the inside rails, because exposed greater pressure and 
friction, causing harder glancing 


Those who are interested the subject may follow the writer’s 
article further the remedy for creeping, etc. 

The only correction that the writer would make the foregoing 
citation the coefficient rolling friction. Five per mill prob- 
ably true enough for rough defective track; first-class track, with 
rails, the rolling friction between wheel and rail may only 
one-tenth Data rolling friction are still unreliable and 
divergent; but with poor rail joints, leaving the receiving rail and 
sticking like step, will receive something more than glancing 
blow. per mill rolling friction, such case, will 
not require reduction. 

The explanation creeping, cited Mr. Wagner from Camp’s 
Notes Track,” that the principal cause wave motion 
the rails set moving trains,” is, view the foregoing, 
little satisfactory would the explanation for the progress the 
locomotive being caused crank motion. stops too far away from 
the primary cause, which dynamic nature. Ifthe rails consisted 
discontinuous high stiff girders solid continuous bearings, as, 
for instance, longitudinal concrete beds, which construction could 
not subject wave motion, there would still creeping rails, 
although diminished rate. long rails may move their 
bearings from temperature changes, long they may move from the 
rolling friction the wheels, which the explanation for creeping, 
stated above. 


old, though timely, subject. The misadj ustments track caused 
creeping rails cannot considered new experience. They have 
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been source trouble trackmen since the early days railroad- Mr. Camp. 
ing, greater less extent; and, while the causes, perhaps, may 
more widely understood the present time than was the case 
generation ago, there still remain some things learn concerning the 
phenomena rail movements under traffic, order seek intelli- 
gently the most effective means methods prevention. the 
creeping action always more pronounced double, than single, 
track, other conditions being the same, the subject gains importance 
with time, owing increase the mileage second track; and 
increase the weight rolling stock another cause which aggra- 
vates the trouble. 

Although, years past, there has been considerable discussion 
rail creeping and the conditions responsible for it, yet the subject was 
seldom never investigated with that thoroughness which char- 
acteristic engineers when setting out overcome difficulties. 
Therefore, matter little satisfaction that Mr. Wagner has 
collected exact measurements and other data rail creeping, con- 
nection with careful observations the attending conditions. 
only through the publication such results, and discussion the 
whole question from varied lessons experience, that the problem 

The records found this paper, while not exhibiting extreme 
cases rail movement, nevertheless present variety conditions 
and afford good opportunity for studying the subject. The greatest 
movement seems have been Bethayres, the New York Branch, 
and Head Grade,’’ the Frackville Branch. the former 
point the movement was in. the south rail the east-bound 
track, the direction the traffic, period months and 
days; the north rail the same track the movement was in. 
during the same time. 

The difference movement between rails the same track 
only matter common occurrence. The larger movement the 
south rail may have been caused its location nearer the outside 
the roadbed, where there would more spring the bank, and con- 
sequently greater amplitude wave motion. some cases, also, 
the spikes one rail may happen staggered the 
manner which secures the most effective cross-binding action the 
rail, with tendency hold against creeping. This occurs where 
the outside spike leads the direction the creeping. 

The roadbed this point earth fill over marsh, combina- 
tion two conditions quite conducive rail creeping. The rails 
the two tracks were the same weight, and the traffic the two di- 
rections was practically the same, regard the number both 
passenger and freight trains, but the rails the west-bound track 
were held slot-spiking the splice-bars, whereas such was not the 
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Mr. Camp. case the east-bound track. This fact will account, some degree, 
for the smaller movement the rails the west-bound track, where 
the creeping amounted only from in. during the period the 
observations. 

Another cause for the difference might have been variation 
speed the trains the two directions. The point observation 
was sag, the foot grade 0.7 about miles long, meet- 
ing level stretch track, 3000 ft. long, across the marsh. 
reasonable suppose that least the freight trains the east-bound 
track, approaching the point observation descending grade, 
would pass the point higher speed than trains the same class 
the west-bound track. The comparison the creeping action the 
two tracks, therefore, corroborative explanations which are well 
understood. 

The case next importance, measured the extent the creep- 
ing action, seems have been Head Grade,” the Frackville 
Branch, west rail the south-bound track crept in. 
during the time between February 16th and September 28th, but, dur- 
ing the same time, the east rail the same track crept only in. 
The creeping the north-bound track the same point was unim- 
portant. The grade this point 3.3 for distance 3.16 miles. 
Examination Table shows that the joints both rails the 
north-bound track whereas the south-bound track 
only occasional joints were held this way. The traffic, both pas- 
senger and freight—but with the freight trains greatly predominat- 
ing—seems have been the same both tracks. might 
expected, however, that the creeping force would much greater 
the south-bound track, which the trains run with the grade, and 
which faster speeds are undoubtedly made than the north- 
bound track, where the train movements are against the grade. 
also stated that the freight trains the north-bound track consisted 
almost entirely empty cars. again, therefore, the observa- 
tions and accepted theories applying conditions arein harmony. 

Broad Mountain the conditions respecting grades and traffic 
seem substantially the same Head Grade,” with simi- 
lar, but not serious, results. 

appears from the diagrams that several places the movement 
the rails was opposite the direction the traffic. every case 
this kind, however, the extent the movement was small, being 
most Hopewell, where was in. the north rail the east- 
bound track and in. the north rail the west-bound track. 
North Wales both rails the north-bound track, apparently, moved 
opposition the traffic, the maximum contrary movement there 
being about in. 


number other points there was apparently slight move- 


the extent the movement was small, and the movement the 
rails either direction, those points, small, that may reason- 
ably doubted whether rail creeping, proper, took place all. The 
writer inclined think that the movement such cases was only 
the effect local expansion contraction, from change tempera- 
ture, which might have been stronger than the tendency the rails 
creep under the 

Rail creeping causes trouble and expense various ways. The 
movement shoves joint ties off their tamped beds upon loose ballast, 
which affords inferior support; the slewed ties must respaced, 
put them square with the track restore the proper space inter- 
vals; frogs are sometimes crowded out alignment; and the creeping 
action closes joint openings necessary for the free expansion the 
rails with rise temperature. Other well-known evils might 
mentioned, but the foregoing will suffice indicate the relative im- 
portance this matter track work. 

seeking arrest rail creeping, expedient, for practical con- 
siderations, able connect the effect with the cause, for 
well understood that the tendency for rails creep greater 
localities than others. Observers have come the char- 
the ground formation roadbed one the most important 
conditions accountable for the creeping movement. using means 
prevention, therefore, essential that knowledge conditions 
this kind, some detail, should enter into the considerations. 
practice, trackmen have found possible stop the 
some points, while other points the same methods were en- 
tirely inadequate overcome the trouble even alleviate the situ- 
ation any material respect. Hence the economical aspects the 
question also call for knowledge the local follows 
from this that concentration appliances those points where 
the tendency creeping strongest may more effectual than 
application any particular device uniformly all points where 
creeping occurs. That say, the creeping rails all points 
along stretch track assumed length might due condi- 
tions which exist along only portion the distance. The creep- 
ing action the particular points localities where the propelling 
the line rails over the whole distance considered. The records 
and diagrams presented Mr. Wagner show that the rail creeping 
some points was negligible, while other points was not en- 
tirely preventable the means applied overcome it, 
they might have retarded some extent. 

his paper, Mr. Wagner has been kind enough refer certain 
characteristic facts rail creeping put into formulated expression 


ment the direction opposite that the traffic, but every case 
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Mr. Camp, the writer after some years reflection experience. will not 


necessary, therefore, repeat the writer’s opinions the general 
principles the question except where special comment intended. 
One the principles laid down that rails creep more newly- 
made émbankments than old roadbed which has become solidly 
compacted. way illustration, case will cited which came 
within the writer’s experience one time the Pennsylvania and 
New York Division the Lehigh Valley Railroad. The original road- 
bed this line was the tow-path the abandoned Pennsylvania and 
New York Canal, which had become well settled under the tramping 
boating teams, and from weather exposure for many years. Event- 
ually, the road was double-tracked, the second track almost all 
points being laid upon new embankment made filling upon the 
bed the abandoned canal. one location, particular, covering 
stretch track some miles length, this new embankment was 
continuous, and upon was laid the new north-bound track, the old 
track then being used for the south-bound traffic. The grades were 
light enough fairly negligible the present connection, and the 
number train movements was about the same each direction, the 
weight traffic being somewhat heavier north bound, owing the 
movement loaded coal trains that direction, although the speed 
these loaded north-bound trains was slower than the empty south- 
bound coal trains. The height the new embankment was about ft. 
and upward. both tracks the joint splices were slot-spiked the 
ties, and both tracks were ballasted with gravel good quality. The 
exact weight the rails the two tracks cannot now recalled, 
but those the north-bound track were new and heavier section 
than the old rails the south-bound track, the weight which was 
somewhere between and Ib. per yd. 

soon the road began operated double track, excessive 
creeping was observed the north-bound track, and all measures 
taken stop were ineffective. six months, during the summer, 
the rail movement, actual measurement, was 22in. The creeping 
action was strong that both ties all the (suspended) joints were 
carried bodily with the rails, that respacing these ties became 
necessary long before the whole movement noted had taken place. 
the old roadbed (south-bound track) the creeping movement during 
the same time was only During the following year the creep- 
ing the north-bound track was not nearly much, and the com- 
parison the rail movements the two tracks was not nearly 
marked, which was undoubtedly due the fact that, the new road- 
bed became consolidated, the force causing the creeping gradually 
decreased. 

regard grades, the writer the opinion that they 
factor rail creeping only far they influence the speed trains. 
single track has observed rail creeping both and down grade, 


and, one case, which worth citing, the rails crept both direc- Mr. Camp. 
tions the same grade. This was the Seattle, Lake Shore and 
Eastern Railroad (now the Seattle and International Railway, 
branch the Northern Pacific Railway), grade about miles long. 
Over nearly the whole length this grade, from the top, the rails 
crept down hill, presumably because the faster speeds that 
direction. For distance about mile from the foot the grade, 
however, the rails crept hill. The explanation was found the 
high speed loaded logging trains running for the be- 
ginning ascend the grade. the foot the grade the creeping 
movement hill amounted one season; but, farther 
the grade, the creeping action gradually grew less and less, until, 
already stated, died out altogether distance about mile. 
this case seemed clear that, the speed the heavily loaded 
trains slackened working against the grade, the rail creeping 
grade gradually decreased correspondence, until point was reached 


where was counteracted the opposite creeping action caused 
the faster speeds the down grade. 


Am. Soc. (by letter).—As the writer under- Mr. Stevens. 
stands the matter, the term, creeping,” only applies those cases 
where the rails are moved external forces; and movement which 
due expansion and contraction should not considered. The only 
force, then, that can produce the trouble the moving train, and, 
the friction adhesion will hold the rails place the ties, fol- 
lows that this movement must occur where the rail not loaded and 
practically free from contact with the ties, and, therefore, due 
the wave motion caused the weight the train passing over 
roadbed which yields more less the compression and some- 
what elastic. The movement, then, must precede the train, and will 
increase directly with the elasticity the roadbed and the condition 
the track surface. The writer has had charge track 
ground which, apparently some time, had been swamp, and the 
soft alluvial formation, great depth, carried the embankment 
gravel, not exceeding ft. high; but this comparatively thin layer 
gravel was subjected great vibration under passing trains, 
and the wave front the engine was very perceptible. The result 
was that frequently the splice-plates were broken the center, and 
the rails separated from in., the splice-plates evidently having 
cracked some time before, and the joint parted this way; and 
there were cracked plates part and thus relieve the strain, the 
bolts were sheared off and the same opening appeared. The strange 
fact, connection with the parting these splices, was that the 
joints the track the hard ground adjoining did not close, but 
remained open for distance mile more from the swamp, 
and there the rails ran close together and showed tendency 
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Stevens. buckle. The movement was the direction the heavier traffic and 
grade. 

Similar conditions have been found where new ties have been 
intervals and have not received proper attention 
within reasonable time afterward. These, becoming loose, hung 
the spikes and gave the rails little support that violent wave 
motion was set and the consequent creeping took place. 

effect loose ties noticeable where the tracks are 
curved, for where the traffic heavy and slow, and trains are long, and 
where the track surfaced for high speed, the load shifts the low 
rail and the wheels that travel the high rail must slip; and, 
addition the wave motion, there the dragging effect the sliding 
wheels, with the result that the outer rail the curves creeps and the 
inner rail does not, any great extent. 

Loose spice-plates are also factor the creeping rails, and, 
where other conditions are good, loose splices alone will cause some 
movement. The remedy prevent, far possible, all wave 
movement using rails sufficient weight carry the loads with- 
out appreciable deflection, build firm and unyielding roadbeds, and 
use enough good ballast distribute the load properly and see 
kept open, that all water may escape quickly and without sat- 
urating and softening the roadbed; then keep tamped true 
and uniform bearing, each tie carrying its proper proportion the 
load. The rails such track will creep very little, and trouble 
will found keeping the proper expansion allowance the joints, 
the splices are kept uniformly 

Mention may made the Chicago and Alton Railroad, 
which rails 133 ft. length are being used, and understood that 
there trouble with them. Really, the only question, this mat- 
ter length rail, that handling, and that should not cause 
much trouble roads close their source supply. writer 
does not believethat with tracks there has ever yet been any trouble 
which could traced excessive length rail, but there has been 
great deal trouble caused creeping rails which crept because 
they were neglected, the ties were loose, the joints were loose, the 
surface poor, the men charge incompetent. When engines and 
ears ride smoothly, without jolt, jar, sway, lurch, the rails are not 
creeping any great extent. which does the creep- 
ing, unless the trouble lies below the bottom the roadbed. Drain- 
age the whole thing making and maintaining good track which 
will hold its surface and stay where the cost main- 
tenance varies, rail and labor, very nearly in.proportion the 
tonnage moved. Eliminate the wave motion thorough drainage, 
sufficient weight rail, good ties, and good surface, with tight joints, 


and fear need entertained account trouble caused 
creeping rails. 
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Hunter Am. Soc. (by letter).—The writer’s Mr. McDonald, 
experience with creeping rails has been confined almost entirely 
single track, while the observations described the author were 
made exclusively double track. 

The creeping rails single track presents also many appar- 
ently inexplicable phenomena. has been the writer’s experience 
that, matter what the direction the preponderance traffic, the 
rail will often creep down grade both directions until all the joints 
the sag are closed up. Gravity, doubt, has much with this, 
but the writer believes that the temperature has also large share 
it. The rail first laid with proper provision for expansion. 
expansion takes place the rail moves more easily down the grade. 
When contraction follows, the rail again drawn down the grade 
rather than up. 

The creeping rails against the current traffic, shown 
many instances the author’s often occurs for short period, 

but seldom continues unless some condition loose track, easily 
discernible, brings about. This creeping probably due tem- 
perature 

The writer recalls many instances creeping rails, one which 
may worth mentioning. was about 4000 ft. long. 
Near its middle the track was level tangent. The south half was 
1.5% grade, ascending from near the middle, and included long 
curve the east. The north half was 0.6% grade, ascending 
from near the middle, and included two short, sharp curves near the 
north end, reversing point. The excess traffic was southward. 
Wharton switch turned out near the middle the west side, the 
frog being rigidly fastened the stringers. earlier days the tres- 
tle had few braces the direction the track, and vibrated greatly 
under trains. The east rail crept northward for years average 
rate perday. Efforts stop fastening the rail always 
resulted shearing the bolts moving the ties, matter how well 
fastened down. Until the method using pointed rails was adopted, 
was the practice put long rails the south end and short ones 
the north end every Saturday afternoon. The west gave 
any trouble whatever from creeping either direction. was 
the outside the long curve. All creeping was effectually stopped. 
when heavier stringers were and every eighth bent braced 
securely two heavy pieces timber fastened each side the. 
cap and running the sills second bents each side. 

has been the writer’s experience that the rail always creeps on, 
and the vicinity of, long trestles, especially those providing for 
large waterway across bottoms, and which, account drift- 
wood, not practicable maintain much longitudinal bracing. 

When some method fastening the rail securely, the de- 
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vised, more rigid track can maintained, and trouble from creeping 
greatly reduced. 

The anti-creeping devices, designed upon the wedge principle, will 
hardly take care cases where the rail creeps both directions, 
and will not needed, any great extent, when the present method 
spiking gives way one that will hold the rail tight down the 
tie. 


rails, Mr. Wagner, are important, because they cover many 
locations and conditions service. These will lead others 
high degree excellence, and the principal conditions incident 
creeping rails, some which are local, will become evident. 

When the writer’s questions for the International Railway Con- 


gress were prepared and sent the railroads, was expected 


number similar observations would secured from several railroad 
companies. The replies, without measurements, were discordant, 
owing different conditions, that they could not used determine 
the local causes the creeping the rails. After the questions 
had been sent out, the Permanent Committee the International 
Railway Congress restricted the reports less number pages 
than expected; therefore, detailed observations could not reported, 
subsidiary subjects. well that these are presented where they 
will receive adequate publication and discussion. 

Mr. Wagner’s records the Atlantic City Railroad, the creeping 
the rails was not decided, for trains exceeding one mile per minute, 
from January 14th May Clemmenton, Albion, Farmington, 
and part Pleasantville, the movements being due principally 
the elongation and contraction from thermal stresses. From May 7th 
November 24th, the movements were larger. The details, 
gradients and character the track, are given for all the different 
points observation. Clemmenton, the south track, May 
the west right rail had moved the direction the traffic 0.26 in. 
From May 27th November 24th, part this was lost, the rail 
moving the opposite direction, the final movement being 0.20 in., 
compared with the observation January 14th. The east rail 
did not show much movement until after May 17th, when the total 
movement the left was 0.28 in. 

the north-bound track, May 7th, the movement the left 
rail seems have been due principally the adjustment thermal 
stresses, and May 27th had moved against the traffic 0.16 in., but 
November 24th had moved 0.86 in. with the traffic. 

The right east rail, May 27th, had moved 0.08 in. against the 
traffic, though November 24th had moved 0.20 in. with the 
This, under high-speed trains, limited amount. 

Albion the movement the rails the south-bound track was 
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down grade against the traffic. the north-bound track was down Mr. Dudley. 
grade also, though the total movement was slight. From May 7th 
November 24th, for the left rail was 0.36 in. and for the right rail 

0.42 in. 

Farmington (level track) the right rail November 10th had 
moved in. with the traffic, the left rail 0.6 in. the south- 
bound track, both rails, from May 8th November 10th, moved only 
in. 

Examination the figures giving the movement the joints 
either side the observed lines shows, the rails rendering the 
splice-bars, that more less motion was taking place. The friction 
the 90-lb. splice-bars against rendering, the testing machine 
Watertown, was about 500 per lin. in., 000 Ib. for in. 
one rail end, when the bolts were tightened the trackmen. 

Pleasantville, the north-bound track, from January 15th 
November 10th, the right rail moved 0.36 in. with the traffic, and the 
left the south-bound track the left rail moved 1.80 in. 
with the traffic, the right rail moved only these two loca- 
tions the rails are ft. length. 

found that the and 60-ft. rails are slightly looser 
under the spikes than the shorter rails. 

The excess tendency the right left rail move under the fast 
trains indicated there the greater movement for the left rail. 
This applies only similar conditions, for the observations other 
points show the greater creeping the right rail. 

The movement the cross-ties not noted, but was slight, any, 
except for those which the angle plates the joints were spiked, 
the rails running under the spikes. Where the ballast out, the 
cross-ties move, permit more rapid running the rails. 

the winter the tendency the thermal stress cause tension 
the metal the rails, while the summer compression, be- 
fore while the rail ends are rendering the splice-bars, for adjust- 
mert. the first condition the rails are not loose continuous 
member under the passing locomotives and cars, and the unit fiber 
strains rule are not found large, when measured 
instrument, the summer. This statement must not con- 
founded with the fact that under great falling temperatures the com- 
bined thermal stress tension and that due the positive bending 
moments the base the rail the passing wheel effects may 
and greater than those experienced the summer, under 
the same locomotives. The thermal strains tension reduce the 
factor safety the metal, while those compression increase the 
looseness the rails and the disturbance the line. The tendency 
the rails summer, thereforé, become slightly looser con- 
tinuous members, for the same standards maintenance, and creep 
most under the spikes. 
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unit fiber strains under locomotives two pairs driving 
wheels are increased from 35% the expended tractive effort, 
besides that due the axle loads. 

The superstructure all steam roads flexible, and depressed 
temporarily from the trackmen’s surface the lower running sur- 
face the general depression under the wheel base the locomo- 
tives and cars. the general there are specific de- 
flections, the rails under the wheels, positive bending moments, 
constrained negative bending moments the wheel spacing. 
This constitutes the so-called wave the superstructure. 
The ballast and subgrade are also loaded and partially unloaded, each 
wheel being distinctly felt the subgrade, for ft. depth, 
most places. Each type locomotive passing causes charac- 
teristic general and bending moments, loading the 
subgrade, and extreme cases the rails and cross-ties show slight 
movement with each train, and require attention prevent creeping. 
Conditions the permanent way which permit depression the 
rails in. more under the passing locomotives cars, cause 
tendency creep. The outer rail curves also tends creep, with 
the traffic. 

Decreasing the positive and increasing the negative bending mo- 
ments the rails, either increased stiffness, better drained sub- 
grade, more favorable construction the locomotive for the distri- 
bution the total load and loading the rail, high standards 
maintenance, with ample ballast, increase the combined stability 
between the passing locomotive and the permanent way, and check 
creeping. This proven, the practice the past decade, the 
fast and heavy trains daily service, compared with those the 
former light rails. 

The 4-wheel leading and guiding truck” for the engine, invented 
the late John Bloomfield Jervis, Hon. Am. Soc. E., one 
America’s eminent civil engineers, has been the great factor loading, 
not only the rails the general depression,” but the subgrade. 

Stephenson’s unexcelled work was the combination for rapid steam 
generation for locomotives, while that Jervis, his contemporary, 
the distribution the load and ease motion. The mechanical 
applications both principles have exceeded the expectations 
either, with less creeping the rails than they experienced. 

Mr. Am. Soc. (by letter).—The author pre- 
sents very interesting series observations troublescme sub- 
ject, which there are very few accurate data, and yet great deal 
speculation. Almost every maintenance-of-way engineer has his own 
pet theory the cause the creeping rails, evolved from some 
personally observed and half-remembered facts. 

The minute description the methods observation speaks well 


for the accuracy the results obtained; nevertheless, there are some Mr. Tatnall. 
matters importance decidedly lacking. The author quotes from 
Mr. Camp: now generally conceded that the principal cause 
creeping the wave motion the rails set moving trains.” 
This coincides with the opinion expressed himself, and yet 
effort seems have been made ascertain the amplitude this wave 
motion, conjunction with the other observations. 

The worst case creeping that ever came under the writer’s ob- 
servation occurred wooden Howe truss bridge. This structure 
consisted thirteen spans, each about 150 ft., and draw-span 
ft. clear, with ft. between the trusses. The floor system was 
constructed cross-beams 16-in. yellow pine resting the 
lower chord and spaced in. apart, which rested longi- 
tudinal stringer 12-in. yellow pine laid flat, which the rail 
was spiked. carried very heavy traffic, both the num- 
ber and weight trains, and was considerably over-strained, that 
constant attention was imperative and repeated repairs and renewals 
necessary. has since been entirely replaced with steel structure. 

Upon this bridge, directly under the writer’s eye, creeping 
rails more than in. with the passing each train has been 
observed repeatedly. the bridge was single-track structure and 
the trains alternated direction, the creeping caused one train 
was balanced the creeping the other direction caused the 
next. But this creeping did not occur under the driving-wheels, nor 
under the coach wheels, which has long been bone contention, 
but occurred entirely the moment the passage the advance 
upward wave, explained and described clearly Captain 
Howard, the Arsenal Watertown, Mass., his reports 
measurements track and which occurs several feet 
front the engine. time the observation this excessive 
creeping, the trusses several adjoining spans were three four 
years old, and the deflection was beginning excessive; the deflec- 
tion the floor grades had increased and the rail had cut into the 
longitudinal stringer considerably, mashing the fibers, that the 
amplitude this advance wave was very great and very noticeable, and 
the force exerted was sufficient, the spikes had been driven down 
hard, wear away the flanges the rail under and each side 
the spike heads appreciable depth below the general plane 
the flange surface. should stated that trains were not allowed 
run speed more than miles per hour over this bridge. 

Analyzing the data given the author, appears that Beth- 
ayres and Pleasantville, where the creeping the greatest, the tracks 
are the one case embankment low, swampy ground, and 
the other embankment the low-lying salt marshes the 
coast; both cases the compression the embankment and under- 
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lying marsh the heavy would relatively great and the 
wave motion great amplitude. 

The author quotes Mr. Camp the effect temperature the 
creeping rails, and temperature undoubtedly the second impor- 
tant factor. The creeping the rails hot weather toward the old- 
fashioned and now obsolete stub switch, well known, well the 
creeping toward the free ends the rails drawbridge; and, un- 
doubtedly, many the movements noted these observations are 
the result temperature changes, particularly the west-bound track 
Hopewell and the north-bound track North Wales and Gywnedd, 
well one two other points, where whatever movement has been 
that the distance and direction the nearest switch crossing has 
not been noted giving partial clue the influence the temper- 
ature the movement. When the difference between the summer 
length and the winter length the two rails immediately adjoining 
draw-span, bridge about 000 ft. long, amounts ft., 
can readily believed that the changes temperature could cause 
greater backward and forward movements than the fluctuations shown 
the tables. 

the writer’s opinion, the wave motion, influenced the fre- 
quency and weight the traffic, the compressibility the roadbed, 
and the underlying natural surface, and the expansion the rails, 
under increases temperature toward unstayed point the track, 
are the only causes creeping rails, and that such factors curves, 
grades, speed trains, nature traffic, other than weight, etc., etc., 
are negligible quantities the discussion. This opinion seems 
upheld the data presented. 
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Dicussion.* 


without some diffidence that the writer presents this discussion 
Mr. Moisseiff’s paper, from the fact that some the features which 
seem him variance with the principles mechanics may 
involve errors small practical importance and thus fairly negli- 
gible; and that has been unable find time asceriain nu- 
merical trial whether not such the case. 

The first result which the writer unable confirm page 
576, the paragraph beginning with the two chords the truss, 
and ending with Equation Here the statement made that 
load the bridge would sustained the two chords (now sup- 
posed suspended without any diagonal stiffening members between) 
proportion their vertical deflection under the stress caused. 
Mathematical work follows, and, finally, claim made for the truth 


printed Proceedings for August, 1904), printed Proceedings order that the 
views expressed may brought before members for further 


Communications this subject received prior November 25th, 1904, will pub- 
lished subsequently. 
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Equation but without demonstration. This paragraph seemed 
obscure the writer that has attempted throw light it, 
his own mind, working out the following simple case: 

are two elastic bars, 

tional area, A,, jointed 

each other their up- 

per extremities being sup- 

ported fixed pins, and 

other bars, but greater 

length, /,, and different 

sectional area, A,, pivoted 

each other and 

the fixed pins, and 

These ‘‘chords,” two rods each, sustain weight, (although 
one chord would suspended single vertical 
sion rod (dotted the figure). rod supposed 
have been fitted originally the pins and such way that 
all four bars are tension when the load has settled into place. Let 
the vertical deflection, D,, the pin, B,, denoted and 
the two chords, and the common half-span. 
are marked the figure, also the angles, and Let 
and denote the respective total tensile stresses induced the 
bars, and The values and and also those their 
horizontal components, and H,, will depend the two vertical 
and upon other quantities, accordance with the follow- 
ing relations and are much exaggerated the figure): 

Since the extremity, B,, has sunk new position, D,, vertically 
underneath B,, and since the extremity, considered fixed, the 
elongation the bar has value, which may obtained pro- 
jecting D,, upon the line, that is, 


But the modulus elasticity the material the four 
bars (the same for all), have, from familiar relation the 
Materials,” 

and hence Equation becomes 

Cos. 


Now sin. hence, with for cos. and for sin. 


q 
q 
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have 


Similarly, for the bar, member, B,, its elongated condition 
under stress, 


thus the total lengths the two respectively), 
also easily seen from Equation that 
the suspension rod fitted accurately the pins, and B,, 
before loading, all five rods being then straight but under 
then, after loading, account the stretching the part, B,, 
the suspension rod, will greater than 6,. 
But the elongation the part, B,, the suspension rod 
considered negligible under the circumstances, and Equation 
reduces 


If, now, the proportion, were true, should immediately, 


from Equation 44, derive the relation stated the author his 

Equation viz., 

the truth when the versed sine small compared with the length 
the chord cable, the case the spans most suspension 
bridges. The writer, therefore, forced the conclusion that Equa- 
tion not even approximately correct (though possible that the 
author had mind some different relation between and than that 
equality). 

the pins, and move horizontally slight extent during 
the gradual loading the structure Fig. the mathematical out- 
come, course, more complicated, the amount such movement 
being partly dependent the design the side-span 

the author had presented the detail treatment simple spe- 
cific case, like that Fig. his meaning, doubtless, would have been 
clearer, and the degree approximation more evident. 

Next take the method expressing the stresses the 


chords, when the stiffening truss action (middle page 577). 
> 
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Mr. Church. Fig. let represent por- 
tion the main cable (i. the 
upper chord the truss), extend- 
ing from the tower-pin any 
forces acting are: 
the segment next the tower- 
pin (its horizontal component can 
sion the bar, segment, viz., 
the intervening joints; and also certain oblique pulls thrusts 
these joints, coming from diagonal members which are action, 
viz., etc. Summing the horizontal components the forces 
for the equilibrium this portion the upper chord (no longer 
cable under purely vertical loads), obtain 
or, 
instead the result obtained the author, viz., 
which result, therefore, would seem contrary the laws me- 
chanics. 

similar treatment portion the main-span stiffening 
chord gives similar outcome. assign this lower chord the 
properties cable under purely vertical loads e., claim that 
the stress any part equal sec. seems quite erroneous; 
since the stresses existing the diagonal members are great 
portance the treatment this lower chord, which not supposed 
under any stress all (aside from that due own weight), 
unless the diagonal members are called into action (by moving load 
change temperature), which case find oblique each 
joint. 

regards forming expression for the ‘‘bending moment” for 
any cross-section the stiffening truss, when regarded approxi- 
mately curved beam, inverted arch rib, should remem- 
bered that, the case beam rib, where the forces section 
are equivalent, not couple and shear simply (as sim- 
ple beam), but couple, shear, and thrust, the moment the 
couple (i. e., the bending moment) not equal the algebraic sum 
the moments the forces acting the portion the beam one 
side the cross-section, unless the axis moments taken through 
the center gravity the plane figure formed the sections the 
two chord members the truss (or very nearly so). 

portion the stiffening truss situated between the tower pin, (the 


7 


ponent, and vertical component, and cross-section made near 
the middle any panel. the three members the truss thus cut 
and v), find acting the stresses, (in upper chord), 
(in the diagonal member), and (in the lower chord). The point, 
the cross-section taken the center gravity (in side view) 
the plane figure formed the sections the two chord members. 
The sum the moments the forces the left, taken about 
will the value bending moment,” used for the pur- 
pose for which would used when treatment involving the 
analogy beam adopted. this basis, derive (see 


Fig. for symbols) 
(47) 
The writer unable see any warrant 


for replacing the term, y,, 
the author has done Equa- 
tion 11; even supposing that correct values 


that the product, (i. Hy,,) would 
occur forming moments for the forces 


Fig. about the point, the cable Fie. 

upper chord. But the body shown that figure, being portion 
the upper chord, not stiff the bending moment 
the section, zero. 

The writer finds difficult recognize any necessity for the in- 
vention and use the artificial quantities, and this paper. 
straightforward application the Principle Least Work the 
éntire assemblage bars members would seem answer every 
purpose; since the stress each member capable being ex- 
pressed terms known quantities and the one unknown, 

There seems the paper specific declaration the im- 
portant feature that the tower-pins have free horizontal movement; 
though implied, course, the evident assumption that the 
the same for all three 


pressure which replaced its two components, horizontal com- 
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rand, 


paper the light similar the paper read the late 
George Morison, Past-President, Am. Soc. E., some eight 
years the speaker would place the with the 
latter, work merit and interest. The design described possesses 
features which are worth examining and which may find practical ap- 
plication the construction suspension bridges. 

The foremost feature, indicated the title the paper, the 
form stiffening construction, the shape inverted braced 
arch. This system has often been applied smaller bridges, but, the 
speaker agrees with Mr. Lindenthal, may also adapted with 
advantage large bridges, though does not agree with him that 
the only rational stiffening construction, the paper seems 
indicate. Mr. Lindenthal overestimating the merits his design, 
attributing too many good qualities. 

special feature the design, pointed out the author 
that the height the stiffening construction greatest the points 


This discussion (of the paper Gustav Lindenthal, Am. Soc. E., printed 
Proceedings for August, 1904), printed Proceedings order that the views 
expressed may brought before all members for further discussion. 

Communications this subject received prior November 25th, 1904, will pub- 
lished subsequently. 


Transactions, Am. Soc. E., Vol, XXXVI, 359. 
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Bridge, Pittsburg, built 1875, which, altogether, represents pre- 
cisely the same theoretical principles the 

certainly good construction, give stiffening truss the 
greatest height the right place, but doubtful whether 
economical this case, because the bottom chord (or the Point 
Bridge, the top chord) runs the top would 
very injudicious transfer the wind pressure the top slender 
column, special wind chords become necessary, which, seen from 
the strain diagram, are almost heavy the bottom chords them- 
selves. 

regard the artistic effect, the drawings and pictures not 
convey complete idea. They give merely the outlines, which are 
pleasing, and show the appearance the bridge from great distance, 
but the speaker sure that the large, latticed, box-shaped, bottom 
chords and posts running high the air, will unpleasant 
disturbance the eye observer who the bridge itself. The 
beauty connected with open suspension bridge will lost, and 
this bridge will not differ appearance from that truss canti- 
lever bridge. 

Evidently, there are reasons why all engineers not believe the 
superiority the braced-arch system. This demonstrated 
examples suspension bridges recently built. The speaker will not 
refer the Williamsburgh Bridge, because has wire cables, but the 
new Elizabeth Bridge, Buda Pest, may mentioned, the author 
himself has often quoted model modern engineering. This 
bridge has eye-bar chains and other features common with the 
Lindenthal design, but made rigid with stiffening trusses, and 
not the braced-arch system. 

American engineers, the speaker will quote the opinion Mans- 
tield Merriman, Am. Soc. E., who member the board 
engineers called upon examine the possibility and feasibility 
executing Mr. Lindenthal’s plans for the Manhattan Bridge. his 
book, Structures” published 1898, Professor Merriman 
concludes paragraph stiffening systems suspension bridges with 
the following words: 

The suspension truss with center hinge more rational and more 
effective than one with unbroken chords. development 
hold good for very long spans, the system bracing the cables, and 
introducing complexity, does not seem the right direc- 

ion. 

Another American engineer, Joseph Mayer, Am. Soc. E., 
whose reputation mathematician well established, states that 
made comparison* between stiffening truss and inverted braced 


The Stiffening System Long-Span Suspension Bridges for Railway 
Transactions, Am. Soc. E., Vol. 371. 


the greatest moments. The same feature the Point 
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arch for railroad bridge 000 ft. span, and found, calculating 
separate strain sheets, that the braced cable would weigh over 000 
per lin. ft. more, than stiffened trusses. says: 

view the practical impossibility calculating accurately 
the braced-chain design, and adjusting assumed the calcula- 
tions, the unit stresses ought least less this design 


than the design with three-hinged suspended trusses, the same 
degree safety aimed at. 


This would make the difference economy between the two de- 
signs still larger.” 

These examples show that distinguished engineers America and 
Europe prefer other stiffening methods than the braced-cable system. 

The strongest argument, correct, against the usefulness this 
system, furnished Mr. Lindenthal the following words his 
paper: 


The only recommendation stiffening trusses that con- 
‘venient construction independent cable, which can made more 
less costiy may suit the fancy the designer, the 


financial resources the owners, frequently the principle, ‘that half 
loaf better than bread.’ 


From scientific point view, the stiffening truss crude de- 
vice, compared with other modes stiffening, which not permit 
the same laxity 

other words, Mr. Lindenthal states that stiffening trusses can 
constructed with any desired degree rigidity flexibility and 
cost, but that the braced arch has but one rigidity, one dimension, 
and one cost. The speaker does not view, that the braced 
arch could not proportioned for various flexibilities; but, this 
were true, the braced cable would the most impractical all 
stiffening methods, because, rationally, could only used rare 
and isolated cases for railway and would prohibitory for 
the construction highway bridges. 

man (using the author’s parallel), who wise, takes half 
loaf cannot get whole one, and the inverted braced arch 
represents the whole loaf, cannot readily sold, there are too 
few people who are able pay for it. 

What, for instance, would have become the intercourse between 
Brooklyn and New York the people those cities had not accepted 
the Brooklyn Bridge, which, Mr. Lindenthal’s estimation, seems 
possess only the value quarter loaf? the other hand, have 
the people fared badly because they did accept it? The answer the 
first question that there would bridge to-day, but plenty 
annoyance; and the answer the second question that the people 
have fared well, and arethe owners large bridge which, every year, 
carries 100 000 000 passengers safely and comfortably without single 
person, excepting Mr. Lindenthal, ever knowing noticing, that the 
bridge not scientifically 
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This leads the question rigidity suspension bridges. 

appears from Mr. Lindenthal’s paper that the chief aim his 
design extreme rigidity, which considers the paramount quality 
suspension bridge. Even strength and economy are subordinate 
Bridges with less stiffness than attributed his design 
are styled: limber, undulating, improperly unscientifically designed, 
inferior, makeshifts.” 

Some these epithets may applicable some old bridges, 
where the speed travel used restricted, but Mr. Lindenthal 
extends them also bridges where such restriction does not exist, 
simply because their rigidity does not reach the degree which con- 
siders standard. 

The question is, what the standard? There none; but the 
speaker would like ask, which the following two suggestions 
seems the more practical and sensible: One specifying that 
bridge should conform the theory and formulas certain profes- 
sor, with strict limits the deflection under enormous loads, 
regardless cost, one specifying simply that the bridge must 
capable carrying its intended traffic with perfect safety and comfort 
travelers, regardless the amount deflection, but not exceed 
certain cost? not absolutely necessary that these two specifica- 
tions must separated; but, they are, the speaker would select the 
second scientifically practical design, which would chosen 
capitalists, while the former would have only mathematical merit, and 
might chosen theorists. 

Referring again the Brooklyn Bridge, the speaker would ask, 
there anyone who was ever prevented from crossing, who was incon- 
venienced while crossing that bridge account insufficient rigid- 
ity the floor? Has anyone ever heard read any complaint that 
the flexibility the bridge had restricted retarded traffic? The 
speaker has never heard such complaint, and claims that the 
Brooklyn Bridge practically and scientifically stiff, notwithstanding 
occasional statements the contrary people who have never taken 
the trouble obtain the proper information. 

Mr. Lindenthal states that the tracks the middle span were 
loaded with cars and the side spans unloaded, that the stiffening 
trusses would wrecked, not the whole structure. The speaker 
would like see this statement proved exact before 
answering it. knows that not true, the load does not much 
exceed 2090 per lin. ft., for which the bridge was calculated. 
Many unproved assertions are hastily made and carelessly repeated 
which injustice structure and its builder builders. 


but just the latter that such statements are either proved re- 
tracted. 


Both Mr. Lindenthal and Mr. Moisseiff describe correctly the dif- 
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ference between upright arch and catenary inverted arch, viz., 
that the former unstable and the latter stable equilibrium. 
Mr. Lindenthal continues: 


that condition many badly designed suspension bridges owe 
their life; covers multitude sins against good 


Mr. Moisseiff thinks that the sound sleep the 
draws exactly the opposite conclusions. Ifa 
suspension bridge owes its life the stable equilibrium the cable, 
the engineer who built committed sin took advantage 
that good quality catenary and relied upon it; and bis engineer- 
ing better and more wide-awake than the engineer who throws 
away the free gifts Nature, and who, after having seen upright 
arch, does not look farther, but, artificial means, forces the inverted 
arch into condition which already possesses naturally. 
seems injudicious constructing hanger from which 
weight suspended, like column which supports weighi top. 

The author further says: Every suspension bridge theoretically 
inverted arch This may true, but, practically, there 
great difference between the two, because arch bridge must 
almost absolutely stiff collapses, while suspension bridge can 
absolutely limber without collapsing. 

The speaker does not wish misunderstood arguing ad- 
vocating that suspension bridge should without any rigidity; 
this not all his view, has shown practically the bridges 
has built. serviceable, bridge should, and must, have 
sufficient rigidity, but the speaker believes the judiciousness 
the rigidity according the demands and conditions each 
ease. Mr. Lindenthal, the other side, urges the greatest possible 
rigidity all cases, and bridge without it, though may 
ciently stiff, is, his view, ‘‘makeshift.” The extreme 
which Mr. Lindenthal goes best shown his own words: 

gauged other criterion reliabiy the degree rigidity.” 

suspension structure, comparable with other bridge 
systems, must dimensioned the same conditions 
strength and When that done its vaunted economy 

The last sentence perfectly true, but, the principle expressed 
the preceding sentence carried out, not only the economy will 
vanish, but the suspension bridge itself will out existence. Mr. 
Lindenthal has gone far publish* pictures showing how the 
Manhattan Bridge, built his plan, would look placed upside 
down, compared with the Williamsburgh Bridge reversed. ac- 
tually used these pictures argument for the superiority his 


Engineering News, October 1st, 1903. 
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design, because the inverted Manhattan Bridge would stand while the Mr. Hilden- 


inverted Williamsburgh Bridge would collapse! 

What the advantage such excessive rigidity? There abso- 
lutely none. anything anybody benefited it? No. Bridges 
are not built put upside down satisfy certain abstract ana- 
lytical formulas. They are for practical use, and bridge which 
safe and answers fully its intended purpose, and, also, built the 
least expense, more scientific structure than one which can 
boast nothing but excessive rigidity. 

sum up: The speaker will repeat that Mr. Lindenthal’s paper, 
theoretically and constructively, meritorious contribution 
suspension bridge literature, for which much credit due him. 
the paper had been confined decription the design which 
his theories and detailed constructions were exemplified, the speaker’s 
discussion, presented all, would have been short. Mr. Linden- 
thal, however, has connected with his paper statements referring 
other engineering structures and special engineering principles, 
which are the cause this more lengthy discussion. 

First, must inferred from the paper that the inverted braced 
arch the best, not the only rational, stiffening system. The 
speaker has shown that distinguished engineers America and Europe 
hold different opinions. 

Second, the speaker has argued that bridges built different sys- 
tems and different principles are not they are styled 
Mr. Lindenthal, and that the Brooklyn Bridge, which men- 
tioned specially the paper, fulfils its purpose and the conditions 
for which was designed. 

Third, Mr. Lindenthal has attempted establish standard for 
the rigidity suspension bridges, and the speaker has shown that 
this standard based arbitrary and unscientific assumptions; that 
uselessly severe and extravagant, leads absurdities 
carried the extreme. 

Probably the essence the whole Mr. Lindenthal’s paper may 
comprised this: That suspension bridge, order prop- 
erly designed should have the highest attainable rigidity; while the 
essence the speaker’s whole discussion may expressed the 
words that suspension bridge, properly designed, should have 
the greatest possible flexibility which compatible with safety and 
the practical purpose the bridge. 


Mayer, Am. Soc. E.—The title this paper suggests Mr. Mayer. 


that previous forms stiffened suspension bridges are irrational, and 
the body the paper contains various assertions condemning other 
forms which have been developed experience and which are justi- 
fied mainly two fundamental facts which have controlled the 
growth suspension-bridge design the past and will the 
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Mr. Mayer. future. These two facts are the superior strength steel wire and 


the difficulty making satisfactory connections between wire cable 
and the web members stiffening truss. The independent stiffen- 
ing truss has been necessary consequence these two facts. The 
expense ‘of wirework limits the usefulness suspension 
bridges long spans. 

Highway bridges more than 800 ft. span, and railway bridges 
more than 300 ft. span, can, under favorable conditions, when rock 
anchorages are available, built economically the suspension 
type. The speaker designed cantilever and suspension bridge 
across Sydney Harbor with span about 300 for double-track 
railway and 60-ft. highway. The bids submitted for both designs 
were nearly the same. Natural rock anchorages were 
Subsequently, designed another suspension bridge for the same site. 
The design was found far the lightest many cantilever and 
suspension-bridge designs submitted. The specifications for both 
kinds bridges were substantially identical. For much less than 
300 ft. span, railway suspension bridge uneconomical and can- 
not compete with cantilever bridge. Quebec the chief engineer 
charge preferred the cantilever type, and stated that suspension 
bridge would only considered there was difference cost 
least $500 000 its favor. Wire cables more than 200 000 ulti- 
mate strength and 180 000 elastic limit per square inch cost erected 
most two and one-half times much per pound eye-bar cables 
made nickel steel one-quarter the elastic limit. The bar heads 
and pins the latter add about 25% the weight continuous bars 
the same strength. This shows that wire cables cost only one-half 
and weigh about one-fifth much eye-bar cables the same 
strength. The difference weight becomes extreme importance 
for very long spans. 

suspension bridge three spans made eye-bar cables inferior 
economy cantilever bridge. The type bridge 
the paper, therefore, could only claim superiority account 
its appearance. The pictures published the design proposed are 
deceptive because they not show the cross-bracing between the 
stiffening trusses, which will detract greatly from the graceful appear- 
ance secured the use cables without bracing. 

cantilever bridge can built substantially the same outlines 
the bridge proposed the author; much stiffer, which, the 
opinion the author, gives superiority, and far cheaper and 
looks equally well. 

abandon wire cables means practically abandon all the ad- 


vantages suspension bridge. Any bridge without 


wire cables, therefore, can hardly claim called pre-eminently 
rational. One the great advantages the suspension-bridge type 
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structure the possibility building perfectly safe bridge which Mayer. 
will show very little deformation under the usual highway-bridge 

loads, and which will avoid excessive stresses under partial loads ex- 

tending over either one-half the main span one two three 

spans. This advantage can secured the use shallow stiffen- 

ing trusses which are independent the cables. 

Such partial loads may never occur during the whole lifetime 
the bridge. deflection several feet the center the quarter 
one the spans, produced such imaginary distribution the live 
load disadvantage whatever. The high degree stiffness insisted 
upon the author absolutely useless for highway bridge fora 
bridge with many independent units load will use any East 
River bridge not intended for heavy steam-railway trains. 

The serviceableness bridge not proportional its rigidity. 
certain degree rigidity needed; anything beyond useless. 
80-ft. plate girder has much greater than 80-ft. 
truss bridge equal strength; the former preferred most, 
spite it. 

The degree rigidity required very different for bridge used 
heavy railway trains half the length the main span and fora 
highway bridge many roadways subject mostly approximately 
uniform loads. For the former, three-span suspension bridge, with 
the side spans half the length the main span, very unfavorable, 
unless the end spans are held the center. 

most situations the three-span suspension bridge, for railway 
purposes, uneconomical type. Theshallow stiffening truss, which 
the most suitable for highway suspension bridges, gives too 
large railway bridge. The stiffening truss which 
reduces the just sufficiently for the needs railway 
bridge allows little deformation the cables that alone has 
the larger part the moments and shears produced partial 
loads. deeper stiffening truss than required for then 
becomes economical, for securing the required strength. The depths 
the stiffening truss given the author are nearly those suitable 
for railway bridge. 

The author’s assertions regard the relative size the tempera- 
ture stresses hinged and continuous stiffening trusses are totally 
error, the writer has shown his discussion with him.* deep 
stiffening truss must hinged the center and the ends the 
main span. this case the temperature stresses become small. For 
the writer’s design 800 ft. span, the Hudson River Bridge, they 
amounted less than the movirg-load stresses. Without 
hinges, deep stiffening truss uneconomical account the exces- 
sive temperature stresses. 


Engineering News, November and December, 1901. 
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The most economical depth for railway suspension bridge stif- 
fening truss, hinged the center and ends, about one-eighteenth 
ofthe span. This depth needed the center the half span. 
The dimensions each half span are about those 
independent span the total length the half span the 
suspension bridge. 

easy design center hinge allowing motion and 
yet preserving the continuity the bottom chords, which serve 
chords the lateral truss; the drawback center mentioned 
the author, therefore, does not exist. 

When the span very long and heavy the center hinge best 
designed that there hinge the horizontal truss well 
the vertical trusses. The lateral truss each half span then 
separate. The cables take, this case, without excessive lateral de- 
flection, the wind pressures transferred the wind trusses the 
center the main span. The wind stresses the top lateral system, 
which come the center the span, must taken down the 
bottom chords means overhead cross-bracing with brackets. 
The weight the lateral system greatly reduced this arrange- 
ment, since each lateral truss only half long the main span. 
This arrangement was adopted the writer’s design the Hudson 
River Bridge, and was approved commission eminent en- 
gineers. 

The author’s design attempt revive almost defunct 
type bridge which much inferior economy properly de- 
signed wire cable suspension cantilever bridge, and much inferior 
looks suspension bridge with shallow stiffening truss offering 
abundant stiffness for highway traffic. 

One feature deserving high praise the design the author 
the hinged tower. Such tower, however, harmonizes much better 
with light unbraced cables than with heavy braced trusses. has 
been adopted the revised design the cable suspension bridge for 
the same site, and great improvement all earlier designs. 

Am. Soc. E.—The spandrel-braced suspension 
bridge most interesting study, with claims merit chiefly due 
the degree rigidity furnished the depth trussing the quar- 
ters, which, for certain and conditions, inadequately furnished 
the familiar type suspension bridge, with dip cable and depth 
truss economical proportions. 

Much interest added the subject the exhaustive mathe- 
matical treatment which has been subjected the two supple- 
mentary papers Mr. Moisseiff and Mr. Cilley.* But the 
policy, giving the city the benefit the advice, criticism and expert 
knowledge specialists outside the department,” which Mr. 


Proceedings, Am. Soc. E., for August, 1904, pp. 514 and 568. 
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phases this case the mathematical treatment. 

may unfortunate that bridge design and construction are not 
more exclusively matter mathematical calculation; but 
condition which cannot yet escaped that the controlling considera- 
tions gauging the rationality bridge design are based upon 
actual experience, rather than upon the attenuating processes the 
higher mathematics. While mathematics forms essential part 
the foundation bridge designing, has serious limitations, mest 
which can only supplied rational study accomplished 
works, 

While there will probably disposition question the cor- 
rectness the two mathematical demonstrations, especially they 
are mutually confirmatory and not antagonistic, adequate knowledge 
the controlling physical and economic conditions, well theories 
suspension bridge design, construction and maintenance, precludes 
acceptance the author’s implied conclusion, that the familiar type 
wire-cable bridge hopelessly wrong principle, well thus 
far imperfect its applications, and that the spandrel-braced eye- 
bar chain the solution all the difficulties and 
objections found the other. 

The present high development the art bridge construction 
due rather the gradual improvement the works the many along 
familiar lines than the bold conceptions the few lines radically 
new. bridge can attain high degree excellence one 
two applications. such complex problems several applications 
are necessary develop all the difficulties and prove their correct 
solutions. 

While the spandrel-braced chain bridge may time become 
superior the author now considers it, its superiority can hardly 
considered proved the light accomplished facts; more than 
the same light can proved that the controlling principles 
the wire-cable suspension bridge are unsound and inadequate. 

The chief claims made for the form stiffened suspen- 
sion bridge” are 

1.—Greater rigidity and consequent general 
2.—Superiority details, due chiefly pin connections; 
3.—Greater ease and speed manufacture and 


4.—Greater economy, chiefly the eye-bar chains, compared 
with wire-cables. 


1.—The greater rigidity the spandrel-braced chain bridge, 
compared with the wire-cable bridge with stiffening truss prac- 
ticable depth, is, matter theoretical mechanics, clearly apparent, 
but the universal value and certainty proper action this rigidity 
are not yet demonstrated either theoretically practically. 


Cilley refers (p. 515), was not prolific recorded results all the 
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Mr. Buck. should remembered that the stresses suspension 


bridge any form are more less indeterminate under varying con- 
ditions loads and femperature. This indetermination cannot 
entirely removed mathematical treatment, nor the degree 
adjustment practicable bridge construction. 

When high degree rigidity imposed upon indeterminate 
structure, the risk serious consequence, because departure from 
assumed and theoretical conditions, becomes materially greater than 
structure where there enough flexibility permit any over- 
loaded member pass part the overload along others and ob- 
tain relief. 

the deep spandrel bracing with long panels, light sections with 
constant reversals the stiffening members and with adjustable 
diagonals, there cannot the same freedom from serious indetermi- 
nate stresses that there the familiar form stiffening truss 
moderate depth and minimum number Inthe 
rigid attachment comparatively light bracing long, broad and 
massive chain, supported independently bracing, maintenance 
assumed conditions within proper limits not assured. 

The author states (p. 553) that: 


All the older suspension bridges are limber and undulating 
structures, without adequate provision against deformation under 
moving loads.” 

While the stiffening systems the older suspension bridges have 
not proved adequate meet the excessive and unanticipated demands 
their strength and endurance, there are very few, any, cases where 
failure has occurred, except when the loading was far beyond that 
provided for. Wherever inadequacy has developed failure occurred 
has been due imperfect structural details imperfect knowl- 
edge, designing, the actual conditions stress created the 
loading, not any inherent incurable weakness the principle 
design. 

The author’s illustrative comparison between the Forth Bridge and 
the Brooklyn Bridge (p. 554) not quite clear point, especially 
the Forth Bridge was duly designed carry the load which 
states will carry, while the Brooklyn Bridge was not designed 
the load which states would wreck it. 

The failures the stiffening system the Brooklyn Bridge were 
not due the lack rigidity, but primarily the improper loading 
which was subjected, and secondarily the interference with its 
uniform deflection the overfloor stays, coupled with the inadequate 
form section the bottom chord. These are conditions and details 
construction readily remedied, and not all inseparable from the 
general form design. 

suspension-bridge design, all engineering work, the most 
valuable lessons are learned from rational study failures and 
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their causes. 


criminately consigns the junk heap accomplished works, which, 
though imperfect, are valuable that they have served often far be- 
yond the original purpose the design, and have marked actual 
performance sound and unsound features design. 

The author states (p. 556): 


The merit and serviceableness bridge structure, other things 
being equal, can gauged other criterion reliably the 
degree its 

Again (same page): 

Absence sufficient rigidity marks the inferior 


Rigidity term often misapplied metal structures and 
confused with Stability and 


Sufficient rigidity the condition bridge where there 
overstraining parts, where the motion parts under does 
not wear, and where the deflection not great im- 
pede traffic. These conditions can fully met the familiar type 
suspension bridge, and the same time permit much greater 
defiection than possible with safety simple truss, arch, canti- 
lever, spandrel-braced chain bridge. 


The matter deflections bridges was fully covered 
the investigations and discussions the North River Bridge project, 


whereby, the author suggests, Much the fog that surrounds the 
theory rigidity was cleared away.” 


Major Raymond, referring the conclusions the Board 


Army Engineers appointed investigate this project, wrote 
follows: 


The Army Board devoted considerable attention this question. 
remarked that the great distinction between the stable equilibrium 
suspension bridge, which cannot break down from the failure 
any stiffening and the unstable equilibrium truss, arch 
cantilever bridge, which the failure member may involve the 
collapse the entire bridge, ought receive full recognition the 
adoption unit stresses and safety factors.’ Again, the Board re- 
marked that ‘rigidity this case much less importance than 
most other kinds bridges; indeed, may shown that cer- 
tain flexibility positive advantage suspension bridges;’ 
and still again, ‘the Board does not doubt that within narrow limits 
certain degree flexibility advantage the bridge. 
system stable equilibrium not impair the safety the 
structure, they unstable system like the upright arch, and 


they may exert very beneficial influence modifying the dynamic 
effects rapidly varying live load.’” 


George Morison, Past-President, Am. E., wrote 
follows: 


long span suspension bridge necessarily changes its shape 
with every change load, and changes, too, such manner 


Transactions, Am. Soc. E., Vol. XXXVI, 459. 
Transactions, Am, Soc. E., Vol. XXXVI, 367. 


There serious insecurity speculation that indis- mr. Buek. 
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relieve local strains, every unstiffened suspension bridge having some 
shape perfect equilibrium for every possible loading. These 
changes shape play important part proportioning suspen- 
sion bridge, and long they are kept within limits which 
not disturb convenience operation, they are source strength 
instead weakness. suspension bridge must permitted 
change its shape within proper elastic limits, and this change shape 
must made the basis proportioning the 


The foregoing conclusions have long remained unquestioned, and 
are sound principles design, established practice well 
theory. 

Sufficient rigidity not fixed function suspension bridges 
for all classes.of service. This must much greater for the 
railroad bridge Quebec than for the city highway bridge re- 
quired the case the Manhattan Bridge. the former case, the 
stresses the stiffening system, due the heavy trains must carry, 
will great and frequent, and the tendency excessive deflection 
will present with every passing train. the latter, the loadings 
will rarely depart greatly from uniformity cause considerable 
stiffening-truss stresses material deflections. loading that 
could possibly occur the legitimate use the bridge could cause 
serious stresses objectionable deflections. 

this case, with ample strength cables and suspenders, high 
unit stresses can allowed the stiffening truss with perfect safety, 
and the maximum deflections under assumed possible conditions 
loading can regarded only theoretical interest. 

The speaker fully agrees with the author his conclusion (p. 554) 
that: 


suspension structure, comparable with other bridge sys- 
tems, therefore, must dimensioned the same conditions 
strength and stability.” 


fact, all suspension bridges are stronger and more stable than 
other forms construction, not only account being stable 
equilibrium, but because they are generally built with greater factor 
safety the most vital parts—cables and suspenders. 

There far more strength and greater security, the thoroughly 
tried material and high safety factors the wire cables and sus- 
penders, than can supplied the increased rigidity due deep 
spandrel bracing. 

The minimum elastic limit the steel wire used the cables 
the Manhattan Bridge 180 000 1b. per sq. in. The allowed stress 
under maximum working load 000 in. The factor 
safety 

The minimum elastic limit the nickel-steel eye-bars specified 
for the same bridge 000 per sq. in. The allowed stress under 
maximum working load 000 Ib. in. The factor .safety 
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almost twice great that the chains. 

While the uncertainty, which now surrounds the successful and 
economical manufacture 2-in. nickel-steel eye-bars, may 
time removed, has not yet been removed, and the likelihood 
the existence defective component unit, and the injury there- 
from, are many times greater achain than This cannot 
compensated rigidity. 

The author states (p. 556) that: 

scientific point view, the stiffening truss crude 


device, compared with other modes stiffening, which not 
permit the same laxity dimensioning.” 


then proceeds demonstrate this from the evolution the 
arch, the hypothesis that ‘‘every suspension bridge theoret- 
ically inverted arch The analogy between the arch and the 
suspension bridge extremely narrow, and the fact that 
the cable the suspension bridge and the rib the arch produce 
horizontal reactions and are both treated calculations force poly- 
gons. possibilities span, construction, instability 
equilibrium and consequent necessity for greater rigidity, the arch 
wholly removed from the suspension bridge, and extremely inad- 
equate basis for rational conclusions regarding the latter. 

The author’s principal difference equilibrium the 
one case and unstable equilibrium the other—completely destroys 
the practical value the analogy. 

2.—The author states (p. 562) that: 

advantages pin connections with the bracing and sus- 


penders, and manufacturing and erecting the superstructure 
connected whole, are too obvious for extended description.” 


hoped that the author will ultimately furnish the extended 
withheld, merits pin connections are not recog- 
nized universally infers. 

Apparently, there has been some change the author’s views 
since stated, the study North River bridge design, Mr. 
George Morison, that: Another good feature his stif- 
fening truss the riveted connections, with web members riveted 
also their intersections. greatly helps diffuse the bending 
strains throughout the frame, and the so-called secondary strains 
all the connections and intersections are decided gain the side not 
only greater stiffness, but greater safety, contrary the received 
theoretical considerations this subject.” 

received theoretical considerations the are pre- 
sumably the prejudices favor pin connections. 

bridge practice, pin connections have been greatly superseded 
riveted connections. 


Transactions, Am. Soc. E., Vol. XXXVI, 444. 
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has been found that pins wear seriously when members assem- 
bled them are subject frequent reversals. Especially this the 
case suspension bridges where the diagonal members the stiffen- 
ing system are adjustable rods. This feature the most serious ele- 
ment weakness and deterioration the Brooklyn Bridge, not its 
lack rigidity. was serious element weakness the Niagara 
Railway Suspension Bridge. both cases, the constant shifting 
the rods the pins caused wear and loss adjustment. the 
Brooklyn Bridge there has been quite extensive renewal pins and 
diagonal bars. 

the designs covered the paper, there must inevit- 
ably the same shifting the diagonals the pins with every 
passing load. While the wearing action this case, course, would 
not great the Brooklyn and Niagara Bridges, must exist. 
The narrow limits spandrel-braced chain bridge 
would not prevent this wear, the amount distortion necessary 
cause the shifting very small. Should attempted put such 
initial stress the diagonals that they could not shift the pins, 
except under unusual loads, there would likelihood serious 
overstressing due temperature changes, well serious inde- 
termination the stresses. 

This evidently recognized the author, states (p. 560): 

should remarked that this system preferable thatthe 
cable assume its proper equilibrium curve under full dead load, and 
that the diagonals, which are without strain middle temperature, 
made adjustable in’ length. The diagonals are strained only from 
live load and temperature changes.” 

the later designs wire-cable suspension bridges, the use 
adjustable members and pins reduced minimum, the trusses 
being riveted throughout. such trusses, flexure can take place 
without wear, and, account their shallowness, defiection can 
much greater, without injurious effect, than can occur under the 
heaviest possible traffic. 

The advantage the so-called positive attachment” the sus- 
penders the chains pins, over the attachment the cables 
bands, not apparent. The older forms cable bands, despite their 
crudeness and the weak grip they have the cables, have proved re- 
markably and have given very little trouble. They some- 
times slip when first put on, but simple matter check this 
and restore adjustment. 

cable band can provided with almost any degree grip 
the cable, which will positive can possibly required, even 
the demands suspender loads greater than have yet been pro- 
vided for. 

Fig. shows the cable bands the Brooklyn Bridge, the Williams- 
burgh Bridge and the Manhattan Bridge. 
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can hardly questioned that, the first has proved reasonably 
efficient and satisfactory, the others are amply so. 

the cable design, the floor system connected with the stiffen- 
ing system such manner that the latter distributes the moving 
panel loads and their impact effects over number suspenders. 
the chain design, the suspenders are interposed between the floor 
beams and the stiffening trusses, and, without any relief from the 
trusses, must receive the full dynamic effect the moving loads. 
other words, the suspenders merely more less lengthened 
beam hangers—a form construction now avoided when possible. 

the cable design, added element security, compared 
with the chain design, have more points attachment between the 
suspended structure and the cables. the Manhattan 
Bridge, these are about ft. apart the chain design and ft. 
apart the cable design. The more numerous the suspenders, the 
less serious the effect defective unit, and the better the distribu- 
tion the load into the cables. 


CABLE BANDS 


WILLIAMSBURGH NEW YORK AND 
BRIDGE. 


3.—It difficult make positive comparison between the eye- 
bar chain and wire cable, the matter time and cost construc- 
tion, what can accomplished the former case wholly 
matter conjecture. 

Previous tothe construction the cables the Williamsburgh 
Bridge, was quite generally supposed that wire-cable construction 
must necessarily consume serious length time. 

this case, the time actually consumed stringing the wires 
the cables was seven months, including time lost account 
weather, the work being carried during the winter. 

There were, course, many serious delays, but causes for the 
greater part these were wholly foreign tothe method 
tion; while those for which was responsible are now, the light 
the experience acquired, capable being reduced materially 
avoided altogether. 


Mr. Buck. 
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Causes for delay invariably attend novel methods construction 
greater numbers, where difficulties must first developed ac- 
tual performance and then the means surmounting them worked 
out. 

cable construction, all the essential problems—both economical 
and structura)—pertaining the manufacture material and erec- 
tion have been solved. 

the construction eye-bar chains the size proposed the 
author, most the essential problems pertaining commercial 
material and erection must yet solved, whether the 
chains made wire links nickel-steel eye-hars. 

the case the chains, the temporary bridge required for erec- 
tion must many times stronger and heavier than would required 
the construction the cables, and, while threading 18-in. eye-bars 
weighing 4tons 18-in. pins, under distinctly difficult condi- 
tions, may economical and expéditious, the absence explicit 
demonstration that effect, skepticism least pardonable. 

4.—The author, the course his paper, makes several state- 
ments regarding the economy features the spandrel-braced chain 
design, and lack economy the wire-cable design, from which 
natural infer that wishes convey the impression that the 
former whole distinctly more economical than the latter. 

While this point not capable conclusive and specific settle- 
ment the present time, account the lack adequate informa- 
tion which base the cost spandrel-braced chain bridge 
the proportions either the Manhattan the Quebec Bridge, there 
are certain established facts which tend strongly prevent the for- 
mation this impression. 

The relative cost wire cables and so-called equivalent eye-bar 
chains may be, from known conditions and contract prices, far 
deduced show that the chains must cost very much more than 
the cables. 

The contract price the the Williamsburgh Bridge was 
little less than cents per erected. 

The contract price the eye-bars for the 
Island Bridge was 8.03 cents per and the nickel-steel pins 10.03 
cents per lb., erected. These bars were 2-in., with 38-in. 
heads. 

the one hand, the price the Williamsburgh Bridge cables was 
doubtless higher than could obtained now, because many diffi- 
culties originally anticipated procuring the specified grade wire. 
and attaining economical and reasonably rapid construction 
building the cables, have been now satisfactorily solved. Further, 
prices all such work were very much higher the time this con- 
tract was let than have prevailed for the past year. 
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bars with 44-in. heads proposed wholly unknown, such eye- 
bars have yet been made, and there are doubts the practicability 
making them, except prohibitory cost. 

Further, the difficulties and cost erection are equally unknown. 
However, view the fact that elaborate special plant must 
provided for the erection the chains, which will chargeable 
these alone, while the Blackwell’s Island Bridge the same erection 
plant will handle and support the eye-bars which will handle and sup- 
port the remainder the work, the conclusion fully warranted that 
the erection cost the former case will materially greater than 
the latter. 

view the known contract prices and the other conditions 
named above, appears almost impossible that, the present time 
the near future, the unit prices wire cables and nickel-steel 
chains would farther apart than 10, respectively, which, be- 
cause the chains being two and one-quarter times heavy the 
cables, would make the cost the former, this basis, 60% greater 
than the latter. There warrant for the belief that the difference 
would still greater. 

The chains and cables are but single items cost the respec- 
tive designs, but they are the items wherein material advantage 
point economy has been claimed for the chains. 

complete and conclusive comparison cost the two designs 
the absence complete detailed plans the chain 
design and fuller development the actual conditions manufac- 
ture and construction involved. However, there are grounds 
whereon base the claim that, whole, the chain design more 
economical than the cable design. 

summarize: does not appear that either the cases cited 
the author—the Manhattan Bridge the Quebec Bridge—is there 
any substantial evidence that the spandrel-braced chain design pos- 
sesses adequate grounds for preference over the other designs pro- 
posed for the same cases. 

Ifthe bridge for varied city traffic, where, whatever the weight 
the aggregate loadings, material departure from uniformity rare, 
and where appearance must count for much, the rational design 
for long spans still appears be, the light the best available evi- 
dence, the wire-cable suspension bridge. 

the bridge for heavy railroad traffic, where departure from 
uniformity loading great and frequent, and where, therefore, 
high degree rigidity essential, the rational design for long spans 
still appears the same light the cantilever, until the length 
span approaches 2000 ft., when the wire-cable suspension bridge 


again appears strong competitor, even for the heaviest class 
railroad service. 


the other hand, the cost manufacture the 2-in. eye- Mr. Buek. 
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Am. Soc. E.—One point that the speaker 
would like emphasize that this question seems turn the 
degree rigidity sought obtain. Most engineers have had 
experience with smaller structures than these under consideration, 
and will pretty hard convince any engineer who has had expe- 
rience with railroad and similar bridges that rigidity not good 
thing. Most engineers believe that rigidity good thing; that 
rigidity something which prevents abnormal wear and tear 
bridge; that is, two bridges the same span and for the same 
load, that which the more rigid will last the longer, and, therefore, 
more economical from that point view, not from any other. 

rigidity good thing bridge, why should not rigidity 
good thing suspension bridge? The same laws mechanics 
govern suspension bridge that govern truss bridge. 
the distortion structure always cause some wear and tear which 
should avoided much possible? 

The point brought out this: suspension bridge takes 
fixed position from its dead load. The amount distortion caused 
bringing live load depends upon two things, (1) the effective- 
ness the stiffening system, and (2) the ratio the live load the 
dead load per linear foot. other words, the inertia the struct- 
ure’s dead weight prevents some distortion from taking place, and the 
stiffening system prevents some—the remainder takes place. 

two bridges constructed alike, heavier live load put one 
than put upon the other, expected that the former, passing 
across the bridge, will produce the greater distortion. Now, the 
longer the span, the greater must the dead load carry the same 
live load; and, two bridges constructed the same span, that 
which must carry heavier live load must have the greater dead 
weight. The amount vibration distortion, therefore, varies with 
the ratio the live load per linear foot the dead load per linear 
foot, other things being equal. 

suspension span across the North River would about 000 ft. 
long, and one across the East River would less than 
ft. long. Probably sufficient live load for modern railway 
traffic over North River span would that assumed Mr. Mori- 
design, viz., about one-fourth the dead load; whereas the 
emergency load which ought provided for any East River span 
being built to-day about one-half the dead load. The traffic for 
which the old Brooklyn Bridge was designed was one-fourth the 
dead load; and, with such traffic, that bridge comparable 
bridge carrying the modern railway traffic over the North River. 
the speaker’s opinion, the gentlemen who have have discussed this 
paper have made the mistake comparing bridge for modern 
traffic over the East River with bridge the same span carry the 


q 


traffic twenty years ago. The two are not comparable, except when Mr. Crehore. 
the live (the only part the load which causes distortion) the 
same part the total load each case. 
The modern East River traffic must understood include some 
provision for the future, such heavily loaded automobile trucks 
massed close together, and increase weight the railroad roll- 
ing stock. loading this sort concentrated one 
short stretch roadway would amount about one-half the dead 
load the bridge per linear foot; and, while this would have 
injurious effect upon the cables suspended cable structure, 
would cause excessive distortion, injurious the stiffening system, 
unless the stiffening trusses were unusually deep. again, the 
fact must met that, when the stiffening trusses are too great 
depth, excessive loading will react injuriously the cables, prevent- 
ing their assuming easy natural position (as were), and caus- 
ing undue local strains. works around circle, showing that 
when the limit deflection assumed fixed and must not 
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exceeded, the feasibility preventing further distortion means 
stiffening trusses limited, and the process cannot continued 
indefinitely adding the depth the material the stiffening 
trusses. really effective, the dead weight the cables them- 
absorb considerable part the excessive loading before distortion 
should begin. Such method increasing the dead weight, how- 
ever, would very costly and prohibitory the ground waste- 
ful expenditure long any other method known whereby 
sufficient rigidity may obtained more cheaply. 

Now, Mr. Lindenthal’s paper illustrates this truth. brings out 
the fact that the braced suspension design will furnish the required 
degree rigidity under the excessive loading referred to, that is, 
where the live load about one-half the dead load. This result 
accomplished putting the principal dead weight the bridge into 
the cables, and practically dispensing with the stiffening trusses en- 
tirely; or, better, incorporating the stiffening and the cables together 
one system. were attempted obtain the same amount 
suspended-cable design can obtained the braced- 
design—the live load per linear foot being one-half the dead 
load both cases—it would necessary use stiffening trusses 
such great depth that the design would once condemned ac- 
count its disproportionate and ungainly appearance; and, the 
other hand, the people New York City not want any more 
bridges which the police are required regulate the traffic pre- 
vent possible congestion injurious the structure. 

Regarding those passages quoted Mr. Buck from the 
Transactions this Society, which Mr. Morison and Major Ray- 
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mond express opinions different designs for 000-ft. span across 
the North River, the speaker understands them refer cases 
where the traffic load per linear foot would not exceed one-fourth 
the dead load per linear foot. When proposed bridge spans 
from 500 000 ft., where the live load much more than 
one-half the dead load, suspension bridge design usually dis- 
carded inappropriate and insufficient rigidity, requiring 
too great expenditure make rigid. Why should not this ratio 
live dead load receive the same consideration longer spans? 
his admirable paper, just referred to, Mr. Morison states that the 
first thing designing suspension bridge establish the 
limit within which deflection may permitted, and then design 
it. This deflection limit, however, depends somewhat upon the 
ratio the live the dead load, well upon the material and 
the shape the structure; and all Mr. Morison’s subsequent dis- 
cussion the subject leads the conclusion that there practical 
limit the use suspended-cable bridge, and that this limit 
reached when stiffening trusses cannot designed sufficient re- 
strict the amount deflection permissible the nature the 
traffic. 

Granting, then, that such limit exists for the suspended-cable 
bridge, and that the author’s braced-cable design furnishes method 
supplying the necessary rigidity far beyond that limit, seems 
the speaker that this discussion should upon the question where 
the economy the suspended-cable design leaves off and that the 
author’s design begins, rather than upon the simple question 
whether not rigidity desirable quality bridges any kind. 
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THE INSTALLATION PNEUMATIC PUMPING 
PLANT. 


Discussion.* 


Harris, Am. Soc. (by letter).—Mr. Diamant has Harris. 


well presented the extraordinary conditions under which this partic- 
ular pump must act, and the many difficulties accompanying its erec- 
tion. may interest describe briefly the special features in- 
volved the operation this system pumping and give some 
the mathematics involved proportioning plant properly. 

The general principles involved are easily stated and readily un- 
derstood. The special features are: 

First.—The system, once charged with air, closed the atmos- 
phere; the one charge being forced alternately into one tank while 
being drawn out the other. Hence the energy expansion (or 
compression) the not lost, the common forms direct 
air-pressure pumps. The only recognizable losses the system, out- 
side the air compressor, are: Expansion the low-pressure air-pipe 
immediately after switching, friction the air-pipes, conduction 
heat out the air-pipes (or absorption, which gain), and leakage 
air. These are not capable formulation—except the first and 
second, and these only approximately. 


This discussion (of the paper Arthur Diamant, Jun. Am. Soc. E., printed 
Proceedings for May, printed Proceedings order that the views ex- 
pressed may brought before all members for further discussion. 


Communications this subject received prior November 25th, 1904, will pub- 
lished subsequently. 
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Second.—The switching device, which the air alter- 
ternately exhausted from one tank and delivered the other. This 
accomplished utilizing the difference pressure inside and out- 
side the tank from which air being exhausted. For convenience, 
the mechanism utilizing this placed the the 
tanks are near the free surface the water supply, there will, the 
time the switch should act, suction the air-pipe leading the 
tank from which air being exhausted, and which filling with 
water. This suction, course, extends throughout the air-pipe, and 
utilized the compressor room, conjunction with free air 
pressure, operate the switch. 

case the tanks are deeply submerged, the pump under dis- 
cussion, suction will not occur, but the tanks will fill under pressure. 
this case the pressure outside the tank communicated the 
compressor room dip” pipe, which descends the tank level, 
and through which minute quantity, forced continuously, 
thus registering within the compressor room the head outside the 
tanks, while the main air-pipe registers the pressure within the tanks; 
before said, when the pressure within the tank less than outside, 
the switch acts. The switch made adjustable; that is, can 
made act any desired difference pressure. Evidently, the de- 
tails the switch can varied without limit. When suction occurs 
before the switch acts (which usually the case) the leakage re- 
placed automatically adjustable valve placed outside check- 
valve opening into the intake 
pipe between the switch and the 
compressor. 

Another method operating 
the switch mechanism 
which acts prescribed num- 
ber strokes the compressor 
—the number being that neces- 
sary complete cycle. 

may remarked, before 
going further, that the submer- 
gence the tanks not neces- 
sary. 

With the development this 
system pumping, many prob- 
lems have been presented for 
solution, some purely mechan- 
ical, while others require 
mathematical analysis. The lat- 
ter have proved very interesting 
and instructive. 

the process such analysis, Fia. 


Switch 


Air pipes 
Volume 
PUMP APPLIED 


SINGLE SOURCE 
WITH SINGLE LIFT 


Pump tanks 


Water supply 
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will necessary use the following symbols. Though the analysis Mr. Harris. 


may considered intricate, the final formulas are 
simple and easy application: 
Let pressure—a constant—in pounds per square 
inch; 
throughout the system immediately after 
switching; 
Pressure air entering compressor— variable; 
Volume one pump tank—a constant—in cubic feet; 
variable; 
Pressure which water begins enter tank from 
which air being exhausted; 
Lowest pressure reached (this occurs just before switch- 
ing); 
Effective volume, intake compressor, cubic feet per 
second; 
Average water delivery, cubic feet per second; 
=Total volume taken into compressor, while working 
any case and approximately when tanks 
are near surface water supply; 


—a 


ratio 


ratio 

All pressures are that is, gauge pressure 14.7 lb. 

Compressor q,).—The first problem find the 
necessary intake capacity the compressor. this, fortunately, 
the problems work and temperature inside the compressor need not 
considered, and, therefore, the analysis, the temperature the 
air may considered constant, though will necessary, finally, 
apply coefficient provide for the effect expansion due the 
heating the air passes through the hot intake valves. 

Assume that small volume, air the pressure, P,, 
taken out the exhausting tank and forced into the delivery tank, 
where the pressure and its volume then, the law that 
the pressure multiplied the volume constant: 

Fs 
Also, the same law, the sum the product the pressure multi- 
plied the volume must constant, since the quantity (or mass) 
the system does not change. When one tank full water, 
and its air-pipe full air the pressure, p,, the other tank and 
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air-pipe must full air the pressure, Under this condition, 
the sum the products 


any other time the sum the products 


Substitute Equation III Equation and 
Integrating between the limits, and zero, there re- 
sults: 


Let represent the volume air the delivery, high-pressure 
tank, when water begins enter the other; that is, when the pressure 
the other tank has dropped p,; this marks change the opera- 
tion; see Fig. Just this period there must enough air, the 
pressure, p,, the volume, fill the space, Jj, 
the pressure, the other tank, and its own air-pipe the press- 
ure Hence the equation: 


or, Vi Vv — + n (Po — p,)]- 
Now, fraction, and and are small and nearly equal, 
practice; hence (p, p,) can neglected. Then: 
o 
Putting Equation Equation IV, there results: 
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Scale of Pressure 


~ 


Scale of water delivery 
cubic ft. per second 


PROPORTIONS FOR COMPOUND DIRECT-AIR-PRESSURE PUMP, 


Requirements: 
Lift 1 000 gal. per min.( = 2.23 cu, ft, per sec.) throngh 500 ft., vertical, 
Length of both air pipes and of water pipe each being 600 ft. Formula used to get pressure lost in friction in air pipes, 
Compressor displacement, 9.5 cu. ft. per sec. p= pressure lost, in pounds per square inch; 
Air pipes 5 in, diameter. = length of air pipe, in feet; 
Pump tanks 816 cu. ft. == diameter of air pipe, in inches; 
Water pipe 12 in.(may be reduced to 10 in, with but little loss.) v = velocity, in feet per second, 
Time between switchings 360 min, ratio compression relative atmosphere, 


The Computations show a loss of 15.4 % 
due to friction in both air pipes and water 
pipe and to the drop in pressure after 

8 | switching, but not including loss in 
compression, 
6 
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Now, before stated, will quite small, compared with 
P,, and can neglected, desired, simplify the formulas. 
Equation would then become: 

This gives simple formula for the volume taken into the com- 
pressor while reducing the pressure from (in tank full 
air). precise, should now noticed that the operation be- 
gins properly with pressure, P,, This due 
the expansion into the low-pressure pipes just after switching. 
This pressure, can found readily the the con- 
stancy the sums the products the volumes the pressures. 
Thus, equating the sums just before and after switching, there results: 
or, 
thus found, would put place Equation VII. 

The effect friction the air-pipe between the tank and the 
compressor must now considered. 

When the pressure the intake the compressor that the 
tank from which the air drawn will greater the amount lost 
friction while passing through the pipe. The equation for this loss 
is, form, 


where experimental coefficient. From the best experimental 
data obtainable, found about 0.000002, when 
lost pressure, pounds per square inch; 
velocity air pipe, feet per second; 
many rules for computing the loss friction, the factor, 


erroneously omitted. this case, dnd, therefore, vari- 


14.7 
able, but any installation all are constant the formula except 
Then, for simplicity, let 

0.000002 

Then the lost pressure would P,, and, Equation 

should put place but this will way change 

the process which Equation VII derived. With this change. 
Equation VII becomes 
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the compressor takes volume, per second, the time con- Mr. Harris. 
sumed working the pressure down from 


During the remainder the time one cycle, the water flowing 
into the tank, following the air, and keeping nearly constant 
pressure (when the height the tank only few feet); other 
words, for every cubic foot air taken out, foot water flows 


in. Hence, evidently, the time consumed this, last period the 


and the total time, 


q,, the average rate the water, evidently, 


which the desired equation. 

practice, should not exceed 0.1, and will usually less. 
0.1, get approximate value g,, whence Equation IX, and 
closer This will sufficiently close for practice. 

probably useless attempt extreme precision these com- 
putations, account temperature changes which cannot formu- 


lated. Hence, safe and simple working formula the following 
may used: 


will commonly near atmospheric pressure (or 150), that is, when 
the tanks are near the surface the water, but may greater 
less, according whether the tanks are submerged placed above 
the water. Inspection Equation reveals the fact that the greater 
is, the less,will For this reason, there advantage 
having the tanks submerged. 

Evidently, the air heated contact with hot surfaces while 
entering the compressor, the effective intake capacity reduced. 
allow for this above computed, should multi- 


plied where and are the absolute temperatures before and 


after entering the compressor, respectively. 
Maximum Rate Work.—The compressor capacity having been 
determined, the next problem the design plant find the 
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maximum rate work for which provision must made the steam 

end the compressor. The nature this problem can best pre- 

sented first studying the case isothermal compression. this 

the well-known formula for work, using the symbols heretofore 
applied, 

this, variable, and, evidently, the work will zero 

when zero, and again, when (since log. 0), 

and, the method calculus, found maximum when 


log. that is, when 72. 


Note that hyperbolic logarithms must used all the foregoing 
equations they appear. common logarithms are used, 
multiply 2.3. 

Inserting the condition maximum Equation and reducing 
foot-pounds per second, there results: 

Maximum work 52.9 

curve showing the work Equation given Fig.7. 
practice, the curve does not reach zero either end. 

find the maximum work when temperature changes are 
ered, one must start with the established formula for work when 


compression adiabatic, viz. 
n—1 


where the exponent” and equals 1.41 when 


cooling occurs. 
the methods the Equation XII will found 


n—1l1 
P, 
This, inserted Equation XII, gives 
When 1.41 Maximum work 62.3 foot-pounds per second. 
66 nm = 1.00 = 52.9 “ce 


the last number having been derived analysis Equation XI. 

simple approximate rule, the maximum horse-power rate may 

This maximum rate should not confused with the average. 

only loss energy chargeable this system 
that caused the pressure due expansion into the low- 
pressure pipe just after switching. This drop shown Equation 
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for simplicity. The necessary work restore this pressure 
log. 
while the useful work done during cycle (P, 14.7) that is, 
the water displaced multiplied the gauge pressure. Hence 


Losses due heat and friction are not included. should noticed 
that this loss dependent Its amount illustrated the fol- 
lowing: changes but little with other values and p,. 

P,=100 n=0.1 0.2 0.6 0.8 1.0 

14.7 H=0.91 0.85 0.74 0.66 0.60 0.55 

Friction the operation plant the velocity the 

intake pipe will; constant, but the pressure variable, while, the 
discharge air-pipe, the pressure will constant and the velocity 
variable. According Equation IX, the loss the intake is, 
pounds per square inch, 


and the loss due the same air through the pipe 


curve, assume “convenient intervals time sec.) which 
indicate Then, 


Whence, adapting common logarithms, 


Thus, tabulate corresponding and apply the slide-rule get 
the friction from Equations and XVI. 

any time, the rate water discharge will 
w = P. 

This can tabulated with the other quantities, and the friction 

loss inthe water pipe worked out accordingly well-known formulas. 

Curves worked out the foregoing methods are shown Fig. 


Mr. Harris. 
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will reproducad the Volumes Transactions. Any informa- 
tion which will amplify the records here printed, correct any errors, should 
forwarded the Secretary prior the final Publication. 


GEORGE CURTIS TINGLEY, Am. Soe. E.* 
Diep 1904. 


George Curtis Tingley was born Windham, Connecticut, 
January 28th, 1831, and died years later, April 30th, 1904, his 
home Providence, Rhode Island. 

His early education was obtained the South Windham Academy, 
and 1848 entered Trinity College, Hartford, graduating with the 
class 1852. With the exception few years immediately after 
completing his education, during which time was engaged partly 
teaching school, and partly mercantile pursuits, his entire life 
was devoted his profession engineering. 

was Assistant Engineer the location and construction the 
Hartford, Providence and Fishkill Railroad, between Hartford and 
Providence (now part the New York, New Haven and Hartford 
Railway System). 

About 1860 entered the office the late Samuel Cushing, 
Sr., Am. E., who was that time the leading engineer 
Rhode Island, and his connection with this office was maintained 
one capacity another, for period thirty-three years. 

For the first few years his connection with the office, the firm 
name ‘was Cushing and DeWitt, and upon the retirement Mr. 
DeWitt, Mr. Tingley succeeded his branch the business, which 
with the construction the street railroad, that time 
its early stages operation, and all the work then being done for the 
great manufacturing firm and About 1871 the 
firm Cushing and Company was formed, which consisted 
Cushing, the elder, his son, Cushing, Jr., George Tingley, 
and Col. Albert Monroe, all that time later Members the 
American Society Civil Engineers. This firm was dissolved the 
retirement Col. Monroe and the subsequent death the elder Mr. 
Cushing 1873, after which time became Cushing and Com- 
pany, composed the younger Mr. Cushing and Mr. Tingley, and 
continued until the death Mr. Cushing 1888, when Mr. Tingley 


conducted the business alone until his retirement from private prac- 
tice 1892. 


Richard Tingley, Members, Am. Soc. 
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1892 Mr. Tingley was chosen Chief Engineer the Union Rail- 
road (now the Rhode Island Company), Providence, and retained 
that position until his retirement from actual business 1901. Mr. 
Tingley’s connection with the engineering the Union Railroad was 
long and active one, covering period more than forty years from 
the time the establishment the first horse car lines Provi- 
dence the date his retirement from practice. 

During the period Mr. Tingley’s long and successful private 
practice engineering, many important works were designed and 


constructed him, his chief attention being given heavy foun- 


dation and bridge work, and railway engineering. From his office 
have graduated long list engineers, Elmer Corthell, Desmond 
FitzGerald, Henry Parkhurst, Herbert Sherman, William 
Temple, Richard Tingley, all Members the American So- 
ciety Civil Engineers, besides large number others, successful 
engineers, not members this Society. 

Mr. Tingley was married twice. First, 1853, Georgianna 
Sage, Hartford. Four children survive this marriage: Pauline 
Tingley, Providence, Richard Tingley, New York, Mrs. Wm. 
Livermore, Lawrence, Massachusetts, and Ernest DeW. Ting- 
ley, New Haven, Connecticut. His second marriage was with 
Elizabeth Vaughan Polleys. Mr. Tingley had been widower for 
five years prior his death. 

Mr. Tingley’s entire life from early manhood ripe old age was 
crowded with active responsibilities fully equal those fall 
the average man. These met and discharged with the highest 
ability and integrity, yet the midst these crowded duties still 
found time for the exercise benevolence and charity rarely 
equalled its usefulness. 


Gentle, noble and kind, has left the most endearing memories 
with all who knew him. 

Mr. Tingley was elected Member the American Society 
Civil Engineers September 6th, 1871. 


3 
. 


THE 


AMERICAN SOCIETY 


CIVIL ENGINEERS. 


(INSTITUTED 1852.) 


VOL. XXX. No. 


NOVEMBER, 


Edited the Secretary, under the direction the Committee Publications. 


Reprints from this publication, which copyrighted, may made condition that 
the full title Paper, name Author, page reference, and date 
presentation the Society, are given. 


CONTENTS. 


Society 385 485. 
Papers and Discussions...........Pages 862. 


NEW YORK 1904. 


the office the Librarian Congress, Washington. 


‘ 
3 


OFFICERS FOR 1904. 
President, CHARLES HERMANY. 
Vice-Presidents. 


Term expires January, 1905: Term expires January, 1906: 


Secretary, CHARLES WARREN HUNT. 
Treasurer, JOSEPH KNAP. 


Directors. 
Term expires January, Term expires January, Term expires January, 
1905: 1906: 

RICHARD BUCK, ALFRED CRAVEN, CHARLES GOWEN, 
GEORGE PEGRAM, JOSEPH OSGOOD, NELSON LEWIS, 
WILLIAM WILGUS, GEORGE DAVISON, JOHN ELLIS, 
WILLIAM JACKSON, LEWIS, GEORGE WEBSTER, 
VANHOESEN, HUNTER McDONALD. RALPH MODJESKI, 


JAMES FRAZIER. ELWOOD MEAD. CHARLES MARX. 


Assistant Secretary, McMINN. 


Standing Committees. 


Finance: Publications; Library: 
DEYO, GEORGE PEGRAM, NELSON LEWIS, 
BOUSCAREN, ALFRED CRAVEN, WILLIAM JACKSON, 
RICHARD BUCK, JOSEPH OSGOOD, LEWIS, 


WILLIAM WILGUS, GEORGE DAVISON, RALPH MODJESKI, 
CHARLES GOWEN. HUNTER McDONALD. CHARLES WARREN HUNT. 


Special Committees. 


George Swain, Alfred Noble, Louis Sabin, Newberry, Clifford Richardson, 

Hunt, John Isaacs, Richard Montfort, Prout, Joseph Richards, Percival 
Roberts, Jr., George Thackray, Edmund Turner, William Webster. 

Olaf Hoff, Robert Lesley, Schaub, Emil Swensson, Talbot, Worcester. 


Fourth July, Thanksgiving Day and Christmas Day. 


| 
q 


Vol. XXX. NOVEMBER, 1904. 


AMERICAN SOCIETY CIVIL ENGINEERS, 


INSTITUTED 


PROCEEDINGS. 


This Society not responsible, body, for the facts and opinions advanced 
any its publications. 


SOCIETY AFFAIRS. 
CONTENTS: 


Minutes Meetings: 


the Board Direction, October 6th and November 888 
Visit Members the Institution Civil 300 
Speeches the Banquet Members the Institution Civil Engineers...... 892 
eport full the opening and closing Sessions the International Engi- 
Announcements: 
Hours during which the Society House 
Privileges Societies Extended 456 
457 
Accessions the Library: 
Membership (Additions and Changes 462 
Recent Engineering Articles 468 


MINUTES MEETINGS. 


THE SOCIETY. 


November 2d, 1904.—The meeting was called order 8.45 
Joseph Mayer, Am. Soc. E., the chair; Chas. Warren Hunt, 
Secretary; and present, also, 145 members and guests. 

The minutes the Thirty-Sixth Annual Convention, held St. 
Louis, Mo., October 8th, 1904, and the Society meeting 
October 19th, were approved printed the Proceedings for October, 
1904. 

James Meem, Assoc. Am. Soc. E., was expected address 
the Society and give description ‘‘A New Method Tunneling 
Applied the Construction the and 15-foot Bay Ridge Sewer,” 
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illustrating his remarks with lantern slides, but, unfortunately, was 
unable present, and the Secretary presented Mr. Meem’s descrip- 
tion. was discussed Messrs. Henry Asserson and 
Francis Collingwood. 

The Secretary made the following announcements: 

The transfer the following candidates, the Board Direction, 
November Ist, 1904: 


From MEMBER MEMBER. 


Carter, Cleveland, Ohio. 

JOSEPH FREDERICK Philadelphia, Pa. 

JEROME Cambridge, Mass. 
ALBERT New York City. 

Gratz Brown Baltimore, Md. 

New York City. 


The election the following candidates, the Board Direction, 
November Ist, 1904: 


JUNIORS. 


Rosert ALEXANDER, Mound, Ark. 
Port Griffith, Pa. 

THomas Brown, New York City. 

Gray Epwarps, New York City. 

Malta, Mont. 

New York City. 

Moss, Columbia, Mo. 

Hannibal, Mo. 
James Lone Dell, Mo. 


| 


Coyote, Cal. 

Bert Van Greyn, Chicago, 
Henry CHRISTOPHER St. Joseph, Mo. 


The Secretary announced that the Annual Convention 1905 will 
held Cleveland, Ohio, during the last full week June. 


Adjourned. 


16, 1904.—The meeting was called order 8.30 
Vice-President Deyo the chair; Chas. Warren Hunt, Secretary, and 
present, also, members and guests, 

Mr. Walter Parmley, Am. Soc. E., addressed the Society 
and gave description Walworth Sewer, Cleveland, Ohio,” 
illustrating his remarks with announced 
the death Louis Frederic Gustave Am. 
Soc. E.; Director, 1881; elected Member April 7th, 1875; died 
November 6th, 1904. 
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THE BOARD DIRECTION. 


October 6th, 1904.—President Hermany the Chair; Chas. War- 
ren Hunt, Secretary, and present, also, Messrs. Croes, Gowen, 
ald, Modjeski, Moore, Noble and Pegram. 

The Secretary presented the following report received from the 
Secretary the Nominating Committee: 


meeting the Nominating Committee the American Society 
Civil Engineers was held yesterday evening, October 4th, the 
‘Inside Inn.’ There were present: 


Past-PRESIDENTS: 


James Croes, 
Robert Moore, 
Alfred Noble, 


District No. 1—George Tillson, 
Carr, 
2—Fred. Brooks, 
Khuen, 


organized with Fred. Brooks, Chairman; Albert Carr, 
Secretary. 
The following nominations were made: 


President, 
Vice Presidents, Holman, Emil Kuichling. 
Treasurer, Joseph Knap. 
Directors, District No. 1—Morris Sherrerd, 

Bowman, 

Bissell, 

Respectfully, 
ALBERT 
Nominating 
Adjourned. 
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November 1904.—8.40 m.—Vice-President Curtis the 
chair; Chas. Warren Hunt, Secretary, and present, also, Messrs. 
Buck, Oraven, Croes, Deyo, Ellis, Gowen, Jackson, Lewis, Noble, 
Osgood, Pegram and Webster. 

The following resolutions were passed: 

Resolved, That further for membership the In- 
ternational Engineering Congress received after this date, unless 


for that purpose have been mailed prior October 31st, 
1904. 


Resolved, That the charge for the publications the International 
Engineering Congress, those who are not members the Congress 
the American Society Civil Engineers, made for each vol- 
ume the Congress publications, and that all who become members 
the Society prior January 1904, shall receive the 
ings the Congress free charge. 

communication from Haines, Chairman the Committee 
Charge the International Engineering Congress, was received and 
ordered printed the Proceedings.* 

was resolved that the next Convention the Society held 
Cleveland, Ohio, during the last full week June, 1905. 

Applications were considered and other routine 

Ten Associate Members were transferred the grade Member, 
two Associates were transferred the grade Associate Member, and 
candidates for Junior were elected. 


*See page 455. 


Es 
: 
q 
5 


390 [Society 


VISIT MEMBERS THE 
INSTITUTION CIVIL ENGINEERS. 


The invitation the American Society Civil Engineers the 
Institution Civil Engineers visit America during 1904, was ac- 
cepted December, 1902, and September 3d, 1904, Sir William 
White, B., President the Institution, and party Mem- 
bers, Associate Members, Associates, and that Institution, 
accompanied ladies and other guests, total 104, sailed from 
Liverpool and arrived New York late Saturday, September 10th. 

Monday, September 12th, nearly all members the party 
registered the Society House. 


Tuesday, September i3th, the visitors were received officially 
the the Society House, and, after luncheon had 
been served, the party entered the new subway the 60th Street 
Station, where, courtesy the Interborough Rapid Transit Com- 
pany, special train had been provided for the trip the Park Row 
Station. The Hall was visited, and Hon. Geo. McClellan, 
Mayor New York City, said few words welcome. The party 
then returned the subway and continued inspection trip this 
new work which was not then open the public. the same morn- 
ing the ladies the British party, accompanied some American 
ladies, took automobile drive through Central Park and the upper 
part Manhattan, and were entertained luncheon Claremont 
the Hudson, returning, via the Riverside Drive, their hotels. 


Wednesday, September 14th, there was all-day excursion 
the Croton Dam now process construction. Transportation 
for the party was furnished the courtesy the New York Central 
and Hudson River Railroad Company, and luncheon was served the 
Dam invitation the contractors, Messrs. Coleman, Breuchaud 
and Coleman. This excursion occupied the entire day. 

Those who did not the above excursion made the trip around 
Manhattan Island the steamer Nassau, which was furnished for the 
occasion the courtesy the Long Island Railroad. This excursion 
took place the afternoon. 

Both these excursions were largely attended, not only our 
visitors, but members the Society and their ladies. 


Thursday, September 15th, was devoted all-day excursion 
West Point. The party left New York, via the Hudson River Day Line 
boat, transportation for the visitors having been tendered the Com- 
pany, and arrived West Point about o’clock. Carriages were 
taken the Cullom Memorial where the entire party was received 
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General Albert Mills, Commandant, and Mrs. Mills, and, 
after luncheon had been served, and the various buildings inspected, 
the Corps Cadets paraded honor the party, and were reviewed 
General Mills accompanied the officers the societies present. 
The return New York was made special train over the West 
Shore Railroad. photograph the party, taken the steps 
the Cullom Memorial after luncheon, reproduced herewith. 


Friday, September 16th, was devoted various visits points 
engineering interest. One party visited the Filtration Plant Little 
Falls, J., another the Brooklyn Navy Yard, and the afternoon 
parties were made up, and visited, under guidance the engineers 
charge, the following points interest: The Interborough Power 
Houses, Pennsylvania Railroad Shafts, Hudson River Tunnel, East 
River Bridges, and the New York Central and Hudson River Rail- 
road Terminal Work. 

the evening this day banquet honor the members 
the visiting party was given Delmonico’s 7.30 p.m. Thetotal at- 
tendance this banquet was 260, and the speeches made 
occasion are printed the following pages. 

The party left New York for Montreal, Canada, 7.30 M., 
Monday, September 19th, special train, kindly furnished the 
American Society Civil Engineers for the use its guests, the 
New York Central and Hudson River Railroad. 

The Society also indebted the Grand Trunk Railway and 
the Wabash Railroad for the courtesy special train from Toronto 
Chicago, and from Chicago St. Louis, respectively. 
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SPEECHES THE BANQUET 
GIVEN THE MEMBERS 
THE 
INSTITUTION CIVIL ENGINEERS 
THE AMERICAN SOCIETY CIVIL ENGINEERS, 
New 
September Sixteenth, 1904. 


COMMITTEE BANQUET. 


CHARLES Chairman; 


WELCOME. 
CHARLES PRESIDENT, Am. Soc. 


Gentlemen, Members the Institution Civil Engineers, English- 
men and Canadians, Civil Engineers whatever country nationality, 
the name and behalf the American Society Civil Engineers, 
greet you. welcome you. extend you our friendship and 
hospitality. 

feel honored beyond description the attestation this mag- 
nificent assemblage professional men—members profession that 
has scarcely standing one hundred years, and that ranks to-day 
one the first. 

You, gentlemen, make epochs history and fill the intervening 
eras with blessings for mankind. You are the vanguards and pioneers 
who subdue Nature and promote civilization organized body 
men ever did the history the world. feel honored being 
your hosts, entertaining you, and giving you the right hand 
friendship calling that to-day, all the civilized world, ranks 
among the highest. hope that upon this occasion you feel your- 
selves touch with our country’s enterprises, our institutions, our 
ambitions and our destinies, expressed the American profession 
civil engineering. (Applause.) 

not say this boastfully, but say confidently, feeling 
assured that assuming this position not.go beyond our depth. 
will make the port that destined for this noble voyage that 
are engaged in. 

Much has been done civil engineers; more remains still 
done. Any man who has the privilege gazing into the counte- 
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nances this assemblage and there perceiving the brain power exem- 
plifies, the physique exhibits, and the courage that has heretofore 
and will hereafter display, cannot doubt that our destiny grand, 
that our objects will accomplished, namely, making men individu- 
ally and collectively better and greater. 

Those who have been engaged for lifetime this vocation 
become daily more imbued with the nobility its character, with the 
magnificent ends that has accomplished, and still has view. 
factor the agencies civilization, you will permit say 
modesty, the civil engineer ranks second none. (Applause.) 
there ever assembled body men numerous this which 
there was present greater proportion strong intelligent 
men, cultivated men, self-reliant men, men who know what 
they are capable and willing do, has not been privilege 
present. 

feel proud and honored have the opportunity attest this 
fact, and, say you, Ido not say any vainglorious 
spirit, but because Iam impressed with the absolute truth thereof. 
man can question the fact who has the privilege look into your 
countenances and address your intelligence. 

feel honored the visit paid our guests from abroad 
the sympathetic and enlightened spirit which they view and inspect 
all our public works. think impossible manifest deeper and 
more lively interest the enterprises our own any other coun- 
try than that which has been privilege witness the part 
these, our honored guests, the few days which has been privi- 
lege have intercourse with them. (Applause.) 

Gentlemen, thank you for the very kind attention you have given 
me, and submit you the first toast, The Institution Civil Engi- 
neers,” which will responded the most distinguished naval 
constructor modern times, perhaps any times. (Applause.) 
the magnitude the work accomplished, the responsibilities as- 
sumed, and the stewardship rendered, has rival past nor 
present history. (Applause.) have and pleasure intro- 
duce you Sir William White, President the Institution 
Civil Engineers Great will respond the toast. 
(Applause and cheers. 


THE INSTITUTION CIVIL ENGINEERS. 


Mr. President, Ladies and Gentlemen: beg you believe that 
there has never been occasion life when have felt great 
honor called upon respond the toast which has been 
given—that the Institution Civil Engineers. The occasion 
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unique, the assemblage extraordinary, that one cannot but feel 
moved deeply such kind reference and such sympathetic reception 
has marked this evening. (Applause.) 

Gentlemen, has been lot, life that now advancing, 
although not advanced some American friends have taken 
neering societies than probably any man alive. Why this should have 
been added duties that were onerous themselves, cannot tell, 
but wish, sir, may passing venture correct one statement 
which you made, and claim that more than century—a good 
deal more than there were great civil engineers. 
past-president society civil engineers founded five years 
before this great Republic. The Smeatonian Society Civil Engi- 
neers still exists. cannot say that much professional work, 
but assure you, experienced member that institution, 
that have excellent dinners (Laughter); that have choice gather- 
ings kindred spirits, and that these gatherings many occasions 
have the pleasure receiving American engineers. And that 
society bears the name Smeatonian, and Smeaton was great engineer 
nearly one hundred and fifty years ago, that further back, 
and we.claim more than you, Mr. President, claim for us—for you, 
with us, share that past; have common past engineering 
well other branches our history asa people, for are not 
going let you off your share the responsibilities all that went 
before that breach which happened now nearly one hundred and thirty 
years ago (Applause and laughter), which has seemed times 
enlarging, but which, asa matter fact, the century goes on, 
ever closing. You are making bridges across your rivers, and tunnels 
underneath increase communication between the different parts 
this great city. You your side, ours, are throwing out bonds 
The breach closing. Cannot say closed? (Great 
applause. 

are one people the past, with common knowledge, with 
common aptitudes; the other day your house, common 
faith, common hopes, common principles; shall not say, while 
holding our own and developing our own lines, you your great 
Republic and our great Empire, that shall have all essen- 
tials common future? (Great applause.) 

There hang the two flags, gentlemen, side side. trust the 
time will never believe the time will never sure 
the time should never come (Cries Hear, hear,” and applause)— 
when they won’t float over the forces two great friendly peoples, 
between whom there may formal bond alliance, but who are 
bound together ties stronger than any diplomatic documents, for 
one purpose (Applause), and that purpose promote the opportuni- 
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ties the world, increase the happiness mankind, nourish 
commerce, establish intercourse, make the whole world better. 

what want, the two great countries? have lust con- 
quest; have desire but the peaceful prosecution trade and the 
benefit our fellowmen, while doing little business for ourselves. 
(Applause and laughter.) 

engineers deserve all that the President has said us. Per- 
haps was.too modest; was. Gentlemen, you know 
what the word means? think sometimes even 
engineers forget; think even amongst engineers there sometimes 
fearful thought that has something with machinery the 
bottom, after all (Laughter), but although past-president the 
Mechanical Engineers, scorn that idea. (Laughter.) 

No, no, the true meaning what our former Honorary Secretary 
the Institution Civil Engineers, Dr. Colgate, gave it. 
goes back.to the old French verb, devote oneself, get 
the bottom things, things. That our mission here. 
quote from our old charter, our business bring the forces 
Nature into the service Mankind. That what are always 
doing many different ways, but that our mission, and can any- 
thing nobler? Can anything nobler than further the comfort 
and all that makes for the happiness our fellowmen? Can anything 
better than make peoples know one another, facilitate inter- 
course, promote interchange, and make the whole world one 
—and that the mission the engineer. 

And one need not far afield that, for here this great 
city seems the lesson stares one the face every side. 
This city, its situation and its surroundings, has natural advan- 
tages which, some respects, are unsurpassed, but what would they 
all have been without the labors the engineer? What use could 
made them there had not been men who were able deal with 
the situation and turn practical account? 

And now, your favor, we, your visitors, your guests, have 
been taken from day day from one place another this marvel- 
ous region, this region enlightenment from the engineer’s point 
view, find every side not merely monuments past work, 
almost startling. find bridges, tunnels, all kinds transit, includ- 
ing that great work which had the happiness visiting three days 
ago (time passes quickly that one almost forgets), and hope, gentle- 
men, that when the Rapid Transit Subway, which now near open- 
ing, opened, will always remembered that the Civil 
Engineers from Great Britain were amongst the first taken over 
its lines, and perhaps all the millions who the future will car- 


Pes 
ere 


396 BANQUET BRITISH ENGINEERS. [Society 


ried, there will none who will more stricken with admiration, 
and doubt there will many more competent appreciate the 
magnitude that great scheme. (Cries Hear, hear,” and 

And then one cannot forget these towering structures that lift their 
heaven because the earth below precious. (Laughter.) 
Well, now, where would they without the civil engineer? When 
one sees them their finished form, what may called archi- 
tectural disguise (Laughter), one criticises the taste and ability the 
but beyond that lies skeleton. (Laughter.) not 
know what the future New York will be, but have got proverb 
about skeletons the cupboard, but here the skeleton far, 
extensive than can put into any cupboard, fact, makes the 
thing itself. only another proof, Mr. President, your general 
proposition that the most modest men earth are the civil engineers 
(Laughter and applause), and that almost leads that must 
sit down once, but there one thing more want say. 

Professors pure science are now busy with one more speculation 
upon the constitution matter. great thing optimistic; 
splendid thing believe that what you are saying the time 
the last word the subject, because gives you confidence and 
force. quite true that you may have amend next year, but 
meantime confident, least confident; and are told that 
now there good evidence that electricity—whatever that may be— 
the substance upon which all matter based, which all matter 
consists. Well, have had the ether with for many years; 
convenient term; enables imagine—to exercise the scientific 
imagination—and frame theories which certain phenomena 
may reconciled explained, and have quarrel with 
brothers the scientific world because, gentlemen, for one venture 
say that the engineer truly man science the man who 
devotes his efforts pure research. are brothers science, and 
when any one disposed tell that the man who turns his scien- 
tific knowledge practical account falls into some inferior position, 
say, nonsense, nonsense. (Applause.) 

There other way dealing with the subject, nor there any 
force the contention that there something mean and sordid 
one’s getting his livelihood doing honest work, even engineer 
(Laughter); but coming from these speculations, our side have 
quite high respect for electricity the purely scientific theorists, 
only electricity servant yoked and moulded and 
adapted the needs the universe and mankind, and here this 
great city one seems live electric atmosphere; the hum the 
dynamo over all (Laughter), and first nights here were 
troubled strange and unusual noises, and windows were lit 
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fitful flashes, and have come the conclusion that one reason 
why Englishmen have enjoyed this visit much that have 
been magnetic field allthe time. (Applause and laughter.) 

all events, this sure of, that the magnetism your kind- 
ness and the courtesy your reception, your constant care for our 
comfort, the generous hospitality which have received all sides, 
must tend bring about closer union between engineers here and 
what can all call for though the President alluded 
visitors from abroad, claim that are visitors from home—home. 
(Great applause.) And when you come there, you will come home. 
(Applause. 

true the old home; you have your That 
all right. have our children; they make their homes; but, gentle- 
men, they always say, they will home” long the father and 
the mother can found, and, gentlemen, they often home even 
when the father and mother are longer there. 

heard story New York—and that the last word 
was only few days was talking with workingwoman here, 
She said, father was Englishman; came here and brought 
when was only six months old, and now old man and 
she said, told that could not die happy until had gone 
see his home again. was only workingman, and his children said 
him, Isn’t too arduous journey, too long too difficult 
journey for old man like you?’ said, ‘No, must home.’” 

Gentlemen, that word English, peculiarly English. There 
other language that has that word, and that common all. 
(Great applause and cheers.) 


the next toast The Louisiana 
the American Society Oivil Engineers, whose home St. 
Louis, whose connection and identification with all her most im- 
portant enterprises, municipal and commercial, has been close 
qualify him eminent degree respond this toast. have 
now the honor introduce you Mr. Robert Moore. (Applause.) 


THE LOUISIANA PURCHASE EXPOSITION. 


Mr. President and Gentlemen the Society Civil Engineers, you, 
Mr. President, and Gentlemen, Members the Institution Civil 
Engineers, addition the reasons which have been given you 
our President which will given you those who follow for 
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welcoming you our shores, beyond the Mississippi have 
reasons that are peculiarly our own. For we, that region, are this 
year celebrating our first great territorial holiday, commemoration 
the Centennial Anniversary that most auspicious year which 
the flag Spain and the flag France were lowered, and the flag 
the English-bred and English-speaking people the United States 
America was hoisted their place. (Applause.) 

The territory which was thus added our national domain was the 
whole western water-shed the Mississippi River, territory which, 
extent, more than equal the area Great Britain, Germany, 
France, Italy, Spain and Portugal combined. 

this great territory, therefore, gentlemen, bid you most 
hearty welcome, and trust that you may traverse from end 
end, that you may see what marvelous results United States American 
English-speaking energy and enterprise have wrought for us. For, 
those years, the wigwam the savage has been replaced the 
home the white man the prairies have been dotted over with school 
houses the wilderness great cities have sprung magic, 
and the whole area has been covered with network railways 
whereby widely separated States have been bound together into one 
people—a people alert, resourceful, self-reliant—and, may 
say it, open-minded and open-hearted any people upon whom 
the sun has ever shone. (Applause.) And, not content with this, our 
hardy pioneers have crossed the crest the water-shed the Missis- 
sippi River which were bounded, and have pressed west- 
ward the last limits the land, and now we, their successors, 
through American cable, touching its way only American 
soil, send greeting our English brethren across the ocean Hong 
Kong. (Applause.) 

Whatever may said the motive Napoleon making this 
transfer—and think little that good can said him—there 
little doubt that all the acts his life this was the one which has 
contributed most the welfare mankind. removed peaceably bar- 
rier the development fresh and vigorous people; placed the 
tools civilization the hands those who have known well how 
use them. 

means commemorating and celebrating this great event 
our history and the world’s history, has seemed that there 
was more fitting precedent that could follow than one which has 
been set for you the mother country the first great inter- 
national exhibition 1851. The government and the people the 
United States, therefore, have joined with the chief city the 
Louisiana Purchase, and the chief city the Mississippi Valley, 
inviting the nations the world join with international 
exhibition which each nation should bring that which will best 
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illustrate the progress which has made the arts civilization; 
and this call the response has been general and cordial 
exceed our most sanguine expectations, and the result has been ex- 
hibition which certainly unequalled extent and unsurpassed 
quality. 

some respects, indeed, quite unique. Never before have the 
nations the Orient, China, Japan and our own new possession, the 
Philippines, been fully represented; never have there been gathered 
together many examples the early types mankind. One may 
therefore see, not only the civilization the present day represented 
its works, but may also see living examples the steps 
which, through centuries and millenniums the past, this civilization 
has been attained. 

the value such exhibition, educational influence, 
means better understanding between nations, and means 
stimulating them greater efforts the part each the future, 
too much cannot said. But class men does such exhi- 
bition have greater interest than the engineers, using the word 
engineering the broad sense the words Tredgold which 
you have alluded and which has been adopted part the charter 
the Institution which you represent, that is, the Art direct- 
ing the great sources Power Nature for the use and convenience 
Man.” this sense say that this exhibition and all such exhibitions 
are exhibit the work the engineer. Everywhere may 
seen the work Watt, and Smeaton, and Telford, and Stevenson, 
and their thousands successors. fact, were not for the steam 
engine, for the railway and for the thousand tools and trades which 
these elementary devices and inventions have made possible, the very 
formation such exhibit would have been impossibility, if, 
indeed, had not been beyond the possibility man conceive. 

this great territory, then, the acquisition which the United 
States marks one the great steps the English-speaking people 
the leadership mankind, and this great exhibition which regis- 
ters the progress which man has made to-day the opening the 
Twentieth Century subduing the forces Nature the service 
Man, bid you most hearty welcome, and may your visit add 
much your pleasure and your profit will add our pride and 
the prestige our holiday. (Great applause.) 


THE the next toast order The 
national Engineering Congress,” which will responded 
ber our Society whom, his enthusiasm the profession 
engineering, cannot reasonable justice. will permit you-to 
judge, yourselves, when dilates you upon this 
the honor now introduce you Mr. Henry 
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THE INTERNATIONAL ENGINEERING CONGRESS. 


Mr. President and Gentlemen, which expression have the honor 
including the ladies, you listened with interest the remarks 
made our honored Past-President with reference the Louisiana 
Purchase Exposition. Now, may permitted divert the current 
your thoughts for few moments side-show that exposition. 
(Laughter.) the words the immortal Artemus Ward, who said 
that his show was moral show, want say that this show about 
which speak you also has moral, and before get 
through with what have that you will see what the 

Those who have not yet had the opportunity visit the St. 
Louis Exposition may take for granted that there are exceedingly 
interesting exhibits the material resources, the industrial products: 
and the works art many other countries, but that the only real, 
adequate and representative display will from our own land, and it. 
will that part the exposition which will most interest 
our friends from abroad. (Applause.) 

Now, Americans, will put little more modestly, 
United Staters pass along review these miles our exhibits. 
and our hearts swell with pride the impression which know 
that those exhibits will make upon the minds these visitors 
our greatness and our power, not worth our while look back 
the origin all this greatness, and consider how much 
due ourselves and how much benign Providence. 

have inherited splendid patrimony, true, but have 
made the best use it? Those who have never been abroad may 
think that have; those who have had the opportunity see 
what the rest the world doing may rather doubtful it. 

this question which comes home with peculiar force every 
member the engineering profession this country, for this won- 
derful display exhibits would meaningless and without intelli- 
gible connection with its purposes unless could associated with 
some rational interpretation the processes which all these things 
were brought into existence. 

the growing complexity industrial instrumentalities, there 
scarcely one these exhibits but which owes either its form its 
function some phase engineering activity. this aspect 
the St. Louis Exposition which makes most favorable opportun- 
ity for compare our own engineering processes with those which 
have been developed elsewhere under different conditions, and more 
deliberately. Have better use our national resources 
than others have? Have applied them the welfare our people 
with greater efficiency and economy? 
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response this attitude your own minds that you, the 
members the engineering profession this country, may derive 
the most profit from examination the display made this St. 
Louis Exposition. 

Gentlemen, with this Board Direction the Amer- 
ican Society Civil Engineers has undertaken the organization 
International Engineering Congress connection with this Exposi- 
tion. doing so, the Board recognizes the responsibilities which 
have attached this society for over half century the legitimate 
exercise its function the representative organization the en- 
gineering profession general this country. Its high standard 
requirements, both personal and professional, attest the character 
and the attainments the thirty-two hundred its members, and 
may even claim for that isa sort International Association 
itself, since nearly ten per cent. its members reside abroad. 

The American Society Civil Engineers would, therefore, seem 
eminently fitted undertake organization such Congress 
being the central source from which have radiated the several speci- 
mens that have won their way prominence since its foundation, 
factors the ever-widening field for the application the forces 
Nature the use Mankind. 

Keeping this purpose view, the Committee Organization has 
selected from this general field engineering certain topics for dis- 
cussion this Congress being immediate and increasing impor- 
tance, not only the engineering profession, but civilization 
well, for civilization advancing with such rapidity that its progress 
can longer followed step step for century, exposition 
its achievement; only for decade most, and any effort set 
forth its processes cannot successful that undertakes more. 
The Committee, therefore, hopes that the proceedings this Con- 
gress may set forth the progress that has been made the past ten 
years, the improvement processes and appliances the several 
branches engineering, rather than devoted historic and 
biographical reminiscences and the description monumental 
work, and that the deliberations this Congress may the 
enlightenment the members this Society, whose liberality 
are indebted for the means bring this Congress about. 

accordance with these views, the Committee has endeavored 
prepare suitable basis for the succinct discussion these several 
topics which have been selected, procuring from engineers 
recognized eminence their respective countries leading papers for 
this very purpose, confine, far possible, the discussion this 
particular phase engineering progress, and from the opportunities. 
afforded form opinion, believe that from the responses 
which have been the requests the Committee, that the pro- 
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ceedings the Congress—in which will be, course, included the 
discussions the sessions—will interest and value ex- 
hibit the most recent practice the several branches engineer- 
ing, not only here, but also abroad. 

The syllabus subjects includes topics relating military and 
naval engineering, which the chiefs the department bureaus 
Washington have most kindly taken interest. our country the 
military engineers have the improvement harbors and waterways 
directly under their charge, and you will see from their contribution 
the transactions the Congress that their ability and experience 
much value their country the development its re- 
sources the defense its frontiers. (Applause.) 

There another feature this Congress which greatly de- 
sirable have properly emphasized, and that the topic engineer- 
ing education. undervalue the lessons empirical 
experience, knowing how things for themselves, the very basis 
engineering art; but the field engineering broadens from 
the structural use materials include the application natural 
forces, engineering approaches the condition applied science, 
becomes much importance know what can done 
know how it, and this the service which the engineer, the 
study andthe laboratory, renders the engineer the field. 

Now, the Committee has set apart section for the discussion 
what may termed engineering pedagogy, hoped that that 
section may made conspicuous value the concurrent aid 
all professors technology, and those engineers from abroad who 
are here to-night ask behalf the Committee that they willtake 
active interest the sessions the Congress, for, gentlemen, 
whatever may the differences opinion among here home 
the discouragement the importation foreign commodities, 
believe that none desire prohibitive tariff international ex- 
change ideas. (Applause.) 

Now that addressing remarks our friends who have 
been with for this past week, would like conclude what have 
say something that have been reminded the very eloquent 
remarks the distinguished geutleman who represents our foreign 
visitors here, or, ought say, our brothers from the old home, 
(Applause) relating the experience friend mine, which 
not mind telling you before American brethren. 

Well, friend was Saratoga Springs, which our noted 
national watering places, and was taking drive around the 
environment, and his driver who was telling him about all the things 
there were seen, about all the fine residences and the beautiful 
grounds and the views the lakes, and what great sport they were 
haying the-races and all this kind thing, and occurred 
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friend ask him drive him the battlefield Saratoga. Well, 
the man pondered for moment, and said, ‘‘The battle Sara- 
toga?” Why,” says, never heard any such battle.” 
(Laughter.) yes,” friend said, ‘‘Oh, yes, was great 
battle where fought the Well,” the mansays, 
so, might have been such battle, but never heard it, but 
there ever was such battle reckon obsolete now.” (Applause 
and laughter. 

Now, gentlemen, must quote Artemus Ward you, The force 
this remark lies the application (Great 


Tue the next toast order The City 
New York.” This was have been responded the Hon. 
George McClellan, who, official duties, prevented from being 
present, and therefore you may assume that this great metropolis ex- 
tends you the heartiest welcome and its unlimited hospitality; bids 
you Godspeed your work, and encourages you all your enter- 
prises, whether National, State, International. 

will therefore pass the toast, and proceed the next, which 
Civilization Engineer,” subject upon which you will 
addressed man who has made this subject one exhaustive 
study and prepared give you some its most recent and en- 
couraging directions. have the honor introduce you Mr. 
James Munroe. (Applause.) 


THE CIVILIZATION ENGINEER. 
Esq. 


Mr. President, British fathers and American brothers: 
hasten repudiate the idea that engineers need civilizing. The dis- 
tinguished President your British Institute, his very charming 
address, told rather complacently the Smeatonian Institution 
which, says, was old, gave fine dinners, and did nothing. too, 
coming from Boston, would like brag little. (Laughter.) 
have Boston institution that old, that gives fine dinners and 
does nothing. (Laughter.) Need say, for you Britishers are well 
acquainted with it, that mean the Ancient and Honorable Artillery 
Association. (Great applause.) And speaking, the last gentleman 
did, obsolete battles, may venture say that was born Lex- 
ington, and great grandfather lined the men who first defied you. 

And this connection they tell good story that most charm- 
ing and beautiful old Englishman who now resident, and has 
been for many years resident America, the Rev. Robert Collier. 
Some years ago took his little grandson, who fine American 
patriot, show him the battlefield there, and the Rev. 
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Robert Collier said the boy, after explaining the details, Well, 
Sonny, was not much battle after ail.” Well, Grandpa, any- 
way licked you.” (Laughter.) 

wish thank you, Mr. President, and the Ameri- 
can Society, for the extraordinary privileges being here this evening, 
and joining the expressions pleasure seeing here many 
eminent engineers from the other side the Atlantic, that Atlantic 
which engineering skill has been reduced the mere width 
ordinary pond, separating us, Sir William White has said, from our 
old home. unprofessional man, feel exaltation being 
this high company; Bostonian feel grateful that this huge 
metropolis willing even acknowledge that there any other city 
America (Laughter), and layman rejoice the opportunity 
saying and trying prove what have long maintained, that you 
civil engineers are, fact, civilization engineers; that you are not 
merely builders roads and bridges and mills and machines, but that 
you are, the supremest way, builders better material, intellec- 
tual and spiritual life. may claim for you what you 
are rather ready claim for yourselves, the first place among the 
forces which make for the material and moral advancement man- 
kind. 

your journeyings here, you have seen will see, 
many our public monuments and statues, and with some notable 
exceptions, you will doubtless wonder, when look 
them, why that individuals and communities are willing spend 
such large sums.of money advertising publicly their ignorance 
art. (Applause and laughter.) But with these notable exceptions, 
you will agree with that the striking and important monuments 
here are not the work the sculptor, but that those monuments the 
railroads and the bridges, the subways and the towering skyscrapers, 
and the way, speaking those reaching heaven, Bostonians be- 
lieve that that the only way which New Yorkers ever will reach 
heaven. (Laughter and applause.) These monuments, believe, 
and think you will agree with us, are the great monuments this 
country. Those statues marble and bronze are static; they 
represent past events which our later experience may have repudi- 
ated, but these monuments the engineer are glorious, dynamic 
evidence the splendid future that be. 

Once upon time, Bostonians permitted leaden statue 
King George III; later decided melt into bullets fire 
His Majesty’s troops. 

Not many years ago, this City New York, they erected tri- 
umphal arch, which, believe, longer standing. (Laughter.) 
the Boston there stands row marble busts un- 
labeled, for the reason that, although fifty years ago those men were 
great, to-day not one human being can identify them. (Laughter.) 
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But you engineers, the other hand, are every day building your 
own monuments; every day, laying the foundations your struct- 
ures, you are laying more solidly the foundations human welfare; 
every day you uplift those structures you are uplifting all man- 
kind;every day your workmen drive the bolts, you engineers are 
bringing closer and closer together the whole human family. Every 
day, silently and steadily, you engineers are transforming the destruc- 
tive agencics the old military engineer into the constructive 
agencies the civil—or, like call him—the civilization en- 
gineer. 

There doubt that you engineers are the supreme motive force 
modern civilization, first, have said, because your work 
dynamic and not static; secondly, because everything that you do, 
more than anything any other man has do, you have obedient 
absolute and immutable laws; and thirdly, because eagerly 
seeking out those laws and using them for the benefit mankind you 
are freeing man, making him the master where was formerly the 
slave Nature (Applause), and civilize man simply make 
the animal side him independent. 

The hungry man can have thought except his insistent appe- 
tite; the isolated man can have ideas beyond the narrow range 
his horizon; the man bound down grinding toil can never lift 
his mind and soul above his daily torture; but you engineers, your 
work, are making the hungry man and the hungry nation disappear; 
your labors you are bringing the isolated man into commerce with 
all the world; your inventions you are replacing the aching and 
strained muscles the manual laborer the tireless machine. 

pessimist saidto person who has live the house 
with optimist. (Laughter.) true, then family must 
sad pessimists, for have abounding faith humanity, and see 
immediate future danger, many do, the tremendous power 
wealth tliat the labors you engineers have, the last half cen- 
tury, created, for your work alone that this last half century 
has created these colossal fortunes, these enormous combinations 
business, this speculation and promotion perfectly incredible 
scale; but these evils appear gigantic compared with similar evils 
the last generation, simply because everything now, the whole 
scale itself colossal. 

There has been tremendous advance the whole social scheme, 
and, while that social advance has made rich men incredibly richer, 
has also lifted the same time thousands and hundreds thou- 
sands men who, under old conditions, would have known nothing 
but hopelessness; has lifted out utter degradation thousands 
and tens thousands others who are now decent citizens because 
the work you engineers. 


; 
we 
7 
q 
i 
i i 
« 
| 
q 
: 
3 a 
q 


406 BANQUET BRITISH ENGINEERS. [Society 


have said, not professional man, but connection 
with the Massachusetts Institute Technology, which sorry 
you are not visit organization, and which hope you will 
visit individuals before you back—in connection with the Mass- 
achusetts Institute Technology have something with the 
training young men, and seems that the most important, 
well the most difficult, problem before all these schools 
applied science make the young graduate understand the tre- 
mendous power that has civilization, the part that 
play the future the world. 

The average undergraduate fixes his mind upon professional de- 
tails, upon what may call the knacks and tricks the trade. 
The duty those schools should make those young men see that 
they are not simply engineers; that they are leaders civ- 
ilization. Therefore, the -work those schools not simply teach 
engineering; compel those men have broad outlook 
upon life, wide outlook upon men, noble outlook upon the pro- 
fessions which they are follow; and unless those schools and those 
colleges meet this, unless they train these young men this broad 
way, then they will not fit engineers, and they will not prove 
fit successors for such men you. (Applause.) 


the next toast ‘‘The Army.” 
will responded gentleman who hails from the State Ohio, 
the Mother some Presidents; bounded part the east 
native State, Pennsylvania, and partly the west State 
adoption, Kentucky. have now the honor and pleasure introduce 


you Fiebeger, the United States 
Army. 


THE ARMY. 


Mr. President, Ladies, and Members the Institution Civil En- 
gineers Great Britain, and Fellow-Members the American Society 
Civil Engineers. 

The essence warfare was aptly put that old Confederate Cav- 
alry raider, Gen. Foster, when said, ‘‘I don’t know much about 
your maneuvers other fancy business, but know that the 
feller that gets thar first with the most men mighty apt win.” 

That the great problem which all great commanders have been 
trying solve from the time Alexander Kuropatkin. (Cries 
Hear, hear” and applause.) And not certain but what the 
latter gentleman might add something about the necessity staying 
there when you get there. 
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Now, was solving this getting problem that the 
the military profession believe founded that great profession 
engineering. believe that was the pioneers the armies Alex- 
ander, Hannibal and who opened the roads for their advance 
through primeval forests, over marshes, through mountain gorges, 
who founded that great army road-builders to-day connect- 
ing the oceans with their bonds steel and making the maps the 
continents look like wire entanglements with their intersecting rail- 
roads. 

look over the names those present and see the names 
many eminent members that army road-builders, feel proud 
belong profession that started you your road fame. 
(Laughter.) also believe that was the pioneers those early 
armies that were the forerunners the great army bridge-builders 
which to-day spanning the rivers the whole world 
commerce, just their founders did ancient times the interests 
war. Ever since reading Commentaries the description 
his bridge over the Rhine, have had tremendous admiration for 
the army bridge-builders, and since have had the personal ac- 
some the designers those gigantic structures which 
now span the Niagara River, admiration has greatly increased. 
believe to-day would reading projects for spanning gap 
between Mars and Earth with wire eye-bar cable with 
cantilever steel concrete structures with suitable architectural 
approaches (Laughter), were not for the instability the founda- 
tions and the uncertainty the span. 

therefore, proud that we, the military profession, are the 
sponsors for the bridge engineers. might further into the prov- 
ince engineering, for friend Herschell wrote well upon the 
strategems war did upon the waterworks Rome, but 
afraid would tire you, and therefore would rather turn other 
side the picture and show what the military profession owes the 
engineers. 

Modern warfare would impossible were not for the railroads 
constructed and operated engineers. The first great commander 
acknowledge that was General Sherman, who tells his Mem- 
oirs that his celebrated Atlantic campaign would have been absolutely 
impossible were not for his admirable corps road and bridge 
builders. that these gentlemen became expert the 
construction roads, railroads and bridges, and even tunnels, that 
they could construct them much more rapidly than Forest and Joe 
Wheeler could destroy them. This was fatal blow those gentle- 
men, and also the Confederacy. 

was due the magnificent railways Germany that Von 


Moltke, 1870, was able get the frontier first with the most 
men, and conquer France. 
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the latter part the Nineteenth when General 
Kitchener, the Sirdar Egypt, decided move (Applause) over- 
throw the Mahdi Khartoum, remembered two comments 
Napoleon. The great desert more formidable ob- 
stacle front army than great river great chain moun- 
tains, and second, that who proscribes the aid which the engineer’s 
art gives the commander the field deprives himself auxili- 
ary force and expedient always useful and sometimes absolutely 
necessary. The Sirdar, therefore, called his aid the road and 
bridge builders who laid his tracks across the great Nubian Desert; 
built his Atbara Bridge, with the assistance the American Society 
Civil Engineers, and reached the field hostilities, not with 
the most men, least with few the best, and thin red line re- 
conquered the Soudan. (Applause.) 

These are but few the examples which the fighter and the 
engineer have operated together the field, but they are sufficient 
that scientific training absolutely essential the soldier, and 
that the commander future armies, not engineer like Mc- 
Clellan, Gen. Lée and Gen. Kitchener, must least have sufficient 
scientific training appreciate, like Napoleon and Gen. Sherman, 
that the engineer’s art the field always and sometimes 

The future warfare destined see great expansion the engi- 
neer’s art the military field. Besides the road and bridge engineer, 
the mechanical engineer and the fortification engineer, the Army must 
call its aid the electrical engineer for running the searchlights, 
operate its and also operate its great seacoast guns. 
must call the mining engineer run the tunnel ap- 
proaches fortified places, and thus avoid the shell which makes the 
advance over the surface to-day almost impossible. must call 
its aid the sanitary reduce the mortality its great camps 
concentration. The very term means warfare 
which the engineering art bound take prominent place. 


was have been responded Bowles, Esq. Inevitable 
absence devolves that important duty upon the constructor the 
greatest battleship modern times, the Connecticut. have the 
honor introduce you Naval Constructor Baxter. 


THE NAVY. 


Mr. President, very regrettable that Admiral Bowles, the late 
chief constructor of-our Navy, absent; your 
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for mine. Mr. Bowles knows all about our Navy, and 
knows how make know something about the Navy, but 
don’t know how make speech. Sir William White knows about 
all the navies and knows how make (Applause.) 

The one thing that has struck here this evening the great 
modesty all the speakers. Now, the Navy certainly goes far 
back the time Father Noah. certainly was admiral, and 
may not have been the first naval constructor, but was naval 
constructor well admiral. Therefore, think that profes- 
sion the oldest one represented here to-night. (Applause.) 

The battleship the day, gentlemen, the combination, the 
representation the united engineering talent the world. Every 
part the engineering profession contributes its development, its 
design, its building and its use. 

Now, have heard talks engineers who were interested tun- 
nels. Well, you can down the shaft alley and youcan get very 
good example atunnel. you are interested bridges, why, any 
battleship that has not got have four bridges account all. 
you are interested railroads, well, what are your railroads for? 
‘Simply bring things build battleships with. You are interested 
harbors. Whatare they for? They are simply places which the 
battleships can go. And goes. 

Now, this electric galvanic spark, the battleship, permeated 
with electricity all the way through, and Sir William White surely 
has forgotten some his nights board battleships when thinks 
his nights New York. 

There one thing, gentlemen, that possibly some you don’t 
know, that Sir William White, more than any man outside this 
good country ours, belongs the development the new navy. 
The men who designed and built the first place were brought 
under his tuition. (Applause.) Since our feathers have begun 
spring, have tried some designing our own account, and 
have been little bit slow, that where bring out battleship 
000 tons, Sir William would bring out another one 000, 
and immediately bring out cruiser 000 tons would bring 
out one thirteen, and went along. 

Now are building class ships, one which connected 
with, the Connecticut, 000 tons, which consider the very finest 
battleship the world, and when the follow 
her sister ship, the Louisiana, which was put over two weeks ago, 
those ships are to-day the most powerful battleships afloat, but 
won’t say anything about Sir William, but somebody over there has 
got something paper which little bit larger than the Connecticut. 


Now, won’t stand for it, and will beat her next 
time. 
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There only one other thing. has been said that the civil 
engineer the civilization engineer, but the most powerful civilization 
engineering element the world the Navy, and the country which 
has the Navy the one which controls civilization. (Applause.) 


the next toast The School,” which 
will responded Member the American Society Civil 
Engineers, the President the Stevens Institute Technology. 
have the honor introduce you Alexander Humphreys. 


THE SCHOOL. 


TECHNOLOGY. 


Mr. President and Fellow-members the Institution and the 
Society. 

School,” and, before this audience, that must mean the 
School Engineering, large subject cover allotted time 
ten minutes. 

Certainly, then, cannot discuss details curriculum and 
methods instruction, nor suppose these matters would 
interest except few individual cases. 

But there are certain broad questions Engineering Education 
and the connection between the School and Practice which will 
ask your attention. 

Permit say that shall speak from the experience thirty 
years’ practice engineer, followed two very strenuous years 
devoted both practice and technical education; and from the ex- 
perience gained from supervising the post-graduate training the 
members several Cadet-Engineer Corps. And let add for 
the benefit our visitors, that these young graduates Engineering 
Colleges, while thus obtaining post-graduate training, earned, any- 
way were paid, least $50 per month, say £120 per year. 

And this brings first point: The work the Engineer- 
ing Schools, even the best them, often misjudged the 
ignorance employers who expect their cadet-engineers once 
show practical proficiency any and every branch Engineering. 

The partial exercise limited intelligence should promptly 
make plain that the best four years’ engineering course can only pre- 
pare the students equip themselves promptly and surely 
cient workers any one engineering industrial specialty. 

Graduates and employers alike should appreciate that graduate 
degree engineering, while undoubtedly well earned compared 
with other graduate degrees, does not indicate that the holder quali- 
fied for immediate successful practice Commercial Engineering. 

The man yet proved well the education. And even 
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the individual’s manhood proves sufficient, there much yet 
learned the School Experience. 

Nothing can take the place experience-learning, whether En- 
gineering any other line human endeavor. Certain rare person- 
alities have been able learn much the School Experience 
without the advantages previous technical education, that some 
who take the exception the rule have made comparisons unfavor- 
able the so-called theoretical engineer and favorable the so-called 
practical engineer. 

But longer question between these two systems edu- 
for except geniuses, the man who to-day wishes gain 
real success engineer must avail himself fully both systems. 

appreciate this all trite, but because these truths are not kept 
mind the value technical education misjudged even within our 
own guild. 

little farther, the engineer to-day not only must 
practical well theoretical and theoretical well practical 
the field Engineering, but must practical the field 
business. 

admit once that the engineer should constantly have 
mind the obtaining adequate return investment connec- 
tion with his engineering designs and enterprises. Then follows 
that the engineer-student should have some instruction along these 
lines, including foundation the principles accounting, depre- 
ciation, shop-cost, analysis data, contracts and business 
methods general. 

least the student should convinced before graduation that 
succeed really his profession must practice within commercial 
limitations. 

this connection one good sign the times that number 
our best engineering colleges now call practical, commercially suc- 
cessful engineers lecture engineering practice. 

But, first all, must sure that our students are thoroughly 
grounded the fundamentals science and mathematics, and the 
constant pressure extend the curriculum should resisted where 
threatens this thoroughness elementals. 

teaching even these elementary subjécts, practical applications 
should Where apparatus used the students should 
required set and follow far possible the lines orig- 
inal investigation. The cut and dried element should reduced 
aminimum. should cultivate our students the power first 
reason and then do, rather than equations and the like. 
The memory should cultivated not the effort store mass 
dry facts, but connection with the exercise of. the reasoning 
powers. 
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late years there has been much unrest regard technical 
education. Constantly has been the object investigation and 
criticism. This has been largely the result the late marvelous. 
progress Engineering Science and the effort reflect this progress 
the work the technical schools. 

Much good has resulted and some harm. 

new applications Engineering Science have developed, the 
effort has been made introduce them into our engineering courses, 
until these new applications threaten crowd out the very funda- 
mentals. 

Too often, even the case capable students, there not suffi- 
cient time left for recreation, meals and sleep—that is, for the main- 
tenance full physical vigor. 

And this crowding the curriculum and the introduction 
educational fads found our preparatory schools and has. 
already resulted superficiality. 

preparatory schools and technical the students are 
taxed beyond their powers until their minds are numbed. 

Certainly, then, farther additions can made unless balanced 
equivalent eliminations. 

has frequently been proposed correct this trouble the tech- 
nical schools adding fifth year. 

But this could only temporary remedy, for new applications 
Engineering Science will continue indefinitely developed. 

Nor can our entrance requirements materially raised view 
the fact that the preparatory school students are already strained 
the limit. 

Let then acknowledge that the race unequal one and that. 
there are limits our students’ power endurance. 

our undergraduates training all practical applications Engineer- 
ing Science, but, this cannot be, must console ourselves 
reflecting that after graduation they will settle into specialties and 
perfect themselves therein the school experience, supplemented 
some cases post-graduate work the university. can still 
further console ourselves investigating the records our Alumni. 

Stevens Institute, for furnishes its students only single 
prescribed course, with electives. Its secondary title School 
Mechanical Engineering,” which seems indicate narrow 
specialization. 

Still, the Alumni Directory shows that its men are occupying nearly 
every class position the field Engineering. 

Three notable examples taken from the list Alumni will serve 
show the wide range professional work performed the original, 
fundamental training furnished the Stevens curriculum twenty 
years ago. 
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One these, eminent authority Doek Engineering, has been 
active the entertainment our guests; another this year’s President. 
the American Institution Electrical Engineers; the third this 
year’s President the American Gas Light Association. 

Let recognize that the days the Greek and Roman civiliza- 
tion, when the educated man was expected absorb the whole 
knowledge, have passed. Now must satisfied know 
many subjects and master one. 

Nor need engineers, follow this line thought, fear 
criticised for being narrow specialists. This condition applies 
the world’s workers. 

Those who criticize may know little many things but. 
probably they are master none. 

But when claim that thoroughness particular line does not 
necessarily imply narrowness, must sure that our 
students are held accountability with regard their 
general studies their technical studies, and with. 
regard the study the mother tongue. 

should recognized that account the heavy pressure under 
which they work, these students are disposed slight the general. 
subjects the curriculum. Then the professors and instructors in. 
these departments all the more should selected because 
enthusiasm and ability interest their classes. 

While referring the instructors, let say that agree with 
Professor Perry, England, that all the engineering professors 
college engineering should not only permitted, but required, to. 
practice their profession: and this reasons: 

First.—That they may better qualified give practical 
tion; 

Second.—To reduce the chances their growing stale 
and 

Third.—That men higher caliber may secured. 

better teaching stimulate better learning. 

our students are worked the limit their 
effort should spared include their college life everything 
available that may tend toward legitimate recreation and the cultiva- 
tion college spirit. this end should have attached 
engineering schools, Dormitories, Commons, Unions and provisions 
reasonable attention Athletics. 

should give them the opportunity: develop, through contact. 
with their fellows the class-room, but during this period of. 
great mental activity and receptivity, breadth and the capacity for 
dealing with one’s fellows. 


have late been thoroughly inspected our 
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methods Mosely Commissioners and individual investigators from 
abroad. 

sure these investigations have been profitable investigators 
and investigated alike. Butin one point least think nearly all the 
investigators fell into error, namely, forming the opinion that 
the United States have been sufficiently supported our efforts 
advance technical education the generosity our rich men asa class. 

hold that this quite opposed the facts. 

true that have few notable examples such philanthropy, 
but many the benefactions have not come from rich men and there- 
fore have been individually small. 

Stevens. Institute has received practically all its endowment 
from three men. 

One (the founder) pioneer engineer; the second its late President, 
who made his modest competency the sweat his brain; and the 
third man who owes his vast wealth unique success the indus- 
trial field. 

This country undoubtedly owes its prosperity considerable 
measure the work done its technically educated men, and this 
affirm while having clearly mind the many other agencies resulting 
from our geographical position, political institutions and Nature’s 
prodigal benefactions. 

this prosperity all classes our rich, the bankers 
and merchants have profited well those directly interested 
industrial pursuits. not often you will find that the mer- 
chant banker has returned technical education even small 
percentage that which technical education has given him. 

And the cases are almost rare among those who have acquired 
their wealth directly from industrial pursuits. 

The credit should given the few rich and the many more 
moderate means who have supplied the endowments and those who. 
have efficiently administered those inadequate per- 
sonally know cases where large returns have been obtained from 
relatively small endowments the cost long-continued, heart- 
breaking worry and final collapse those active 

When studying our own needs and possibilities and then looking 
afield our sister institutions, see how much more could done 
for the struggling young men this country and for the relief from 
crushing cares and responsibilities the workers this field the 
rich men the country would class recognize their debt 
technical education, for one not propose that credit shall 
given where not due without raising voice protest. 

conclusion, let say that spite their faults and weak- 
nesses, some preventable and some not yet, one thing can 
claimed for our technical schools: 

They are doing grand work for the country and 
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the next and the last toast 
Law.” engineer knows that constructive emergencies and 
situations have laws their own which cannot disobeyed success 


follow their work. The speaker will differentiate you between 


these several laws. The engineer law-abiding citizen, and takes 
his instructions from that great science, expounder which will 
now address you, the Honorable William Porter, have the honor 
introduce you. 


THE LAW. 
Hon. 


Mr. President, and Gentlemen, Members sister profession. 
The hour late, bid you good morning. under contract 
speak for ten minutes, and more, and just within few 
moments offered bonus cut down the minute. 

Ido not wish sail here under any false pretences. has got 
abroad that sitting judge. Itis true that did sit the 
Appellate Court Pennsylvania for number years, and there 
acquired the habit silence. resigned from that and still culti- 
vated the habit. was before the Democratic Convention, but had 
relation thereto. (Applause and laughter.) 

Gentlemen, after received the invitation writing, with certain 
limitations time which have alluded to, found was 
against proposition very serious magnitude, and the first thing 
that impressed was colossal ignorance everything relating 
engineering. bad was that went Standard Dictionary 
find out what engineering is. 

Now, speak seriously when that have listened to-night 
and heard from the lips one your most distinguished guests one 
the best after-dinner speeches have heard years. (Applause.) 
have enjoyed that with you, but have had comfort that you 
didn’t have. princeps was compelled define engineer. 
(Laughter. 

What engineering? Listen the dictionary. (Laughter.) This 
it, hee verba: The putting through managing skillfully 
contrivance and effort. (Laughter.) And after all this laudation 
gentlemen engaged doing something contrivance and effort. 
(Laughter.) know collegiate degrees founded those claims, 
but see here, the nomenclature this science getting very com- 
plex; the names the engineers are means clear indicating 
their purpose their profession. Here was led away from the 
dictionary and went toa more pleasing source. took woman 
and asked her what she thought the following designation engi- 
neers meant, and the first thing asked her was, What you think 
mechanical engineer is? she said, automaton.” 
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(Laughter.) asked her, Well, what electrical engineer? 
Well,” she said, may storage battery dynamo.” 
(Laughter.) Then asked her, What marine engineer? And she 
thought for moment. Well,” she says, ‘‘that descriptive 
the most innocent and ignorant class (Laughter), because from 
time immemorial, when are telling something beyond credence, 
refer telling the marines.” (Laughter.) Then 
What sanitary engineer? Well,” she said, ‘‘I think that must 
healthy sort person, perhaps his own presence having 
hygienic influence.” went back dictionary find 
out what civil 

Now, you cannot find defined should be, went the 
adjective What does that mean? person who 
pre-eminently careful and observant all the amenities social life. 
(Laughter.) Coupling that with the word ‘‘engineer,” you have your 
description, and the civility every one, the guests to-night, 
well hope the hosts participant, have had proven this 
occasion, but the list not complete. Why, have got more engi- 
neers than that. have got America, have got what known 
political (Laughter.) That synonymous, perhaps,, 
with ‘‘boss.” More than that, have financial engineers, and the 
lady whom spoke asked whether that was not included under 
term hydraulic because the water. (Laughter.) 

But when dictionary had sufficed far, went further 
some accident, and found another definition for engineer. 
plotter,” and plotter with oblique morality, and 
Shakespeare himself seems have low opinion you, because, 
you will remember, Hamlet, after the killing 
Hamlet makes certain arrangements with certain persons evil 
design, and finally ends saying, ‘‘’Tis the sport have the engi- 
neer hoist his own petard.” 

Well, now, gentlemen, you will bear with me, want make 
bonus can—if you will bear with meI want say that, having 
now demonstrated absolute ignorance everything connected 
with your profession, and having diplomatically put myself, 
adverse criticism, wholly out touch with everybody, have moved 
these stages the topic which has been assigned me, namely, 
The Bar. (Laughter.) had serious purpose, gentlemen, when 
came here, but the hour and the occasion and the limitations con- 
tract lead observe that little folly now and then relished 
the wisest men.” 

Now, the Bar. Well, could not make you fatigued just 
little essay the Bar, with few extracts from Coke Littleton, and 
perhaps drawing something from our own judges, even the sitting 
the dead, think you could sleep sounder, but propose 
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avoid that proposition and just touch minute two one 
two curious episodes incidents which have come attention 
recently, which rather the lighter side and relieve that stress 
which all judges and all lawyers are under. 

There. was gentleman the Bar, will not say which County 
State) who prided himself being great cross-examiner. One 
the greatest English judges said respect cross-examining, When 
you want cross-examine, don’t.” This gentleman had upon the 
stand yokel, ignorant lad young man, and had pinned him 
down that had got admission which wanted, and then asked 
this question: so, after ail, you are nothing but idle, good- 
for-nothing vagabond, isn’t that so?” which there was good deal 
silence. Then took another tack. Well, what does your 
father do?” Well, doesn’t nothing either.” 
just the same idle vagabond that you are, he?” Well,” said, 

There was another funny slip young lawyer who was 
very earnest and was trying, the criminal side, acaseofbigamy. 
had earnestly urged the acquittal his client, but order make 
the status the law particularly clear the jury, said, Gentle. 
men the Jury,—” and was some haste, more haste than can 
articulate in—‘‘ Gentlemen the Jury, man can get greatly compli- 
cated his marriage relations. the law this country, there 
are three ways that married. There such thing 
polygamy, and that does not keep man out the United States Con- 
gress; (Laughter) but there such polygamy, and that 
when man has got plurality wives. And then when man has 
got two wives, that bigamy; but when man has only got one wife, 
that monotony.” (Laughter and applause.)- 

sometimes said, you know, that lawyers, their education 
perhaps, the inheritance from England, have circuitous way 
think one the best illustrations answer which pecu- 
liarly clear was given little rhyme which went current about 
year two ago, which you will remember. proposal 
young man and his answer from the maiden. runs thus: 


young man asked maid wed. 
ask the maiden said. 
The young man knew her was dead; 
also knew the life he’d led; 
understood her when she said 
‘Go ask Papa’.” (Great laughter and applause.) 


Now, gentlemen, really feel that you have paid great compli- 
ment listening without being wearied, and want you 
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with one minute more, and will not trespass your want in- 
tellect further; want serious word, may, before sit down. 

Sometime ago had the honor native city —or say 
that New York, town Philadelphia. You observe that, differing 
from Boston friend, that the first time have told you where 
came from. (Laughter and great applause.) want add this 
connection that there not bust big man that has lived Phila- 
delphia whose bust and name not known and honored. (Applause.) 

One word seriously. Sometime ago the town which have 
named, had the honor participating welcome that great En- 
glish jurist, statesman and diplomat, Lord Herschell, and had the 
pleasure that occasion suggesting the thought conclude with. 

man can otherwise than blind who has not seen cropping up, 
wherever Englishmen and Americans have met, officially socially, 
growing tendency, warming up, fraternizing the last few years, 
which, perhaps, did not exist before, and have been thinking, 
both sides the sea, why that may be. has been suggested that 
the common language drawing us. believe itis not so. has 
been suggested that the common blood draws us. believe that that 
not the reason, for Americans, they are anything, are composite, 
with large preponderance, perhaps, the Anglo-Saxon. said 
that the literature, being common, has drawn together. think 
that not the real cause. Others have said that commercialism 
binding closer, and say, God forbid; let higher level. 
There one thing that believe lies the root this fraternalism 
which shall have evanescent being, but which shall last and grow, 
and found this, that home— may be, shall Isay, others 
have said, here the new home, the same fundamental thought 
right and justice exists. (Cries Hear, hear” and applause.) 

same methods judicial determination are existing both 
countries. man there here can brought before any court 
administration; man there here can tried save jury 
his peers; man there here can stripped liberty, life 
property, without due process law, under the eye trusted chan- 

When say that you, gentlemen, must set you back the 
position the Bar and Bench; must set back the profession war, 
whether the water the land, and put first the profession the 
law, which secures every man, every profession, every busi- 


ness, equitable determination and protection his rights. (Great 
applause. 


Presipent.—Gentlemen, your patience for few moments 
longer. have had the pleasure hearing from Boston, from New 
York and from Philadelphia. have yet hear from the Windy 
City Chicago. will have the pleasure call upon Mr. Robert 
Hunt tell that city. (Applause.) 
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Mr. President, Fellow Members the Institution, and Fellow 
Members the American Society: This unexpected honor—an 
unexpected honor for city this city (Laughter), and therefore, 
sir, you, knowing well you do, you are close residents us, 
how loath are speak ourselves, will sympathize with 
restraining myself almost the words simple thanks; but mak- 
ing them, pleasant duty extend the words welcome 
our friends. 

will our fortunate pleasure show them that city. Iam 
prophet and loath make predictions, cannot give you 


weather than you have had here—(Laughter) fortunately you 


are only going with two days and, therefore, our task will not 
great, but all the tears and all the water which you will see shed 
there will upon your departure. (Laughter.) 

great pleasure me, Mr. President and Gentlemen, add 
just these few words this welcome which extended to-night, be- 
cause was great, good fortune participate with the American 
Society its representatives the welcome which the Institution 
gave London 1900, and who that participated will ever for- 
get it? (Cries Hear, hear.”) you Englishmen, you cannot 
appreciate what was us, but perhaps the thing all, which 
will remember the longest, was that glorious day Windsor. There, 
that classic spot, and under those magnificent oaks, and under 
those historic towers, receive that gracious welcome from the noble 
woman, your Queen blessed memory, thing that one who 
participated will fail remember long memory lasts him. 
was, perhaps, greater occasion than could possibly 
Englishmen who participated with us. 

cannot offer you welcome the classic scenes that you gave 
and opened us. all new that ask you look at. 
There was with reverence, and memory dating back through the 
centuries that paid our visit. 

Now comes the question, the new better than the old? And 
our duty try make so. Whether are performing that 
duty, have leave you judge. 

true, has been said, that areofa common heritage. Per- 
haps England and America have not always exactly agreed. think 
history shows that have had some troubles—and what family has 
not had trouble—and believe also, and may always so, 
that let those quarrels and those troubles severe they may, 
not pleasant for the outside party interfere. (Laughter.) 

We, our own short history, have had severe family quarrels. 
The North and the South disagreed; brought sorrow and brought 
bloodshed; but, thank God, that has passed. Our heroes who laid 
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down their lives for the North are also the heroes the South, 
and their heroes who died are cherished memories men who 
gave all the defense that which they believed right, and 
the very blood that was shed the cement that to-day binds together 
our nation. (Applause.) 

So, why should not between you and us? Why should 
not bound together? Those flags (our President alluded them); 
they are hanging together. Why should they not always float to- 
gether? (Cries hear.”) Look them! The colors 
same, arranged differently, perhaps, but foreign tint there. 
(Applause.) the red, white and blue. (Cries 


They have always been and they always will be, sir, glorious flags 


der which live and prosper, glorious flags under which fight— 
aye, and need be, die. (Applause.) 


your patience; going give you pleasure. ask you, without 
any words from me, drink the health the President the 
American Society Civil Engineers, and you, Englishmen, show 
what Englishmen can three cheers the health the Presi- 
dent the American Society Civil Engineers, Mr. Hermany, our 
kind host and friend. 

(Three cheers given.) 
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INTERNATIONAL ENGINEERING CONGRESS 


UNDER THE AUSPICES THE 


AMERICAN SOCIETY CIVIL ENGINEERS, 
ST. LOUIS, MISSOURI, 
OCTOBER 8th, 1904. 


REPORT FULL THE OPENING AND CLOSING SESSIONS 
OPENING SESSION. 


The International Engineering Congress, held under the auspices 
the American Society Civil Engineers, convened October 3d, 1904, 
Congress Hall, Administration Building, Louisiana Purchase Ex- 
position, and was called order Mr. Henry Haines, Chairman 
the Committee Charge, who spoke follows: 

Somewhat year ago, the American Society Civil Engi- 
neers was invited the Board Direction the Louisiana Purchase 
Exposition undertake the arrangements for International Engineer- 
The Board Direction ofthe Society appointed Com- 
mittee its members,and this the co-operation the 
other National Engineering Societies. But for some reason satisfac- 
tory themselves, they did not entertain the proposition favorably. 
But the responsibility for the successful inauguration this Inter- 
national Congress rested with the American Society Civil Engineers, 
fact, had been placed upon it, the management the Exposi- 
tion, the Board the Society determined that the Society would 
undertake alone. 

Committee Organization was appointed, and that Committee 
determined confine the discussions the Congress few live 
topics, rather than endeavor cover the whole field engineering, 
and provide for profitable discussion these topics, the Commit- 
tee invited leading papers upon them from engineers recognized 
eminence their respective countries. There has been very grati- 
fying response the invitations the Committee. have papers 
from engineers not only our country, North Americaand South 
America, but from the three other Continents Europe, Africa and 
Asia; from the shores Great Britain, and from France, and from 
those Japan. therefore, that this Congress may well lay 
claim being International Congress, and may hope that the 
oral discussions its several Sections will great interest indi- 
cating the experience and the most recent practice the distinguished 
engineers who are here present with us, including delegation from 
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the Institution Civil Engineers, with its honored President, Sir 
William White. 

Chairman the Committee organization, have now the 
honor introduce the President the International Engineering 
Congress, Mr. Charles Hermany, the President the American Society 
Civil Engineers. 

speaking many different languages, from all quarters the globe, 
hailing from countries whose histories are chronicled the lapse 
centuries, Slav, Teuton, Mongolian, Gaul, Latin and Anglo- 
Saxon, greet you all brothers. You have come and 
have assembled upon spot where epoch our national 
tory was made, where this day there has been but one hun- 
dred years civilized government; territory the acquisition 
which peaceful diplomacy, that made our then infant republic 
extend its dominion from the mouth the Kennebec River the 
East that the Columbia the far West, from the Atlantic the 
Pacific. The Louisiana Purchase, the annexation which our first 
move toward territorial expansion, our first step the direction 
world power, was made; territory whose brief one hundred years 
eventful history fills with pride, since has proved the key which 
unlocked the portal and swung back upon its hinges the western gate 
that has admitted our star peacefully into the role empire; this 
place, from which two our pioneer engineers, Captains Lewis and 
Clarke, commenced, conducted and completed exploring expedi- 
tion and from the Pacific Ocean the mouth the Columbia 
River, that was the most remarkable the history the world; here, 
all places our country most suitable, have chosen hold 
International Engineering Congress, the peer which the future 
alone can produce, and which privilege and honor bid 
you hearty welcome. 

wand, for the display, examination and study the fruits agricul- 
ture, commerce, manufacturers, art and science from all the world; 
where feel the Nature” that makes the 
whole world kin,” and the engineers thereof brothers; under environ- 
ments that stimulate our deliberations, and enable link the 
past, present and future into chain that binds ages and races man 
into common brotherhood, and their civilizations into common 
story into dramaof many persone. Here are touch with the 
best research and conclusion, thought and action, word and 
deed, endeavor and accomplishment, and hope and fruition, that 
the engineers the world have offer. are here assembled to. 
enjoy the heritage bequeathed the past ages and prepare the 
way for those come; see, weigh and measure each other the 
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varying standards our respective selections contrivance; and 
see and esteem ourselves others see and esteem us; fine, are 
here move the world, not with lever from the sighed for 
Archimedes, but the consensus modern thought and the 
combined use all the material agencies through which strive for 
the ultimate complete dominion mind over matter. 

the time the Louisiana Purchase, this place where are 
assembled was wilderness, more than thousand miles west our 
center population. now but few hundred miles west thereof, 
and will, ere two decades shall have elapsed, claim, not only the 
center population, but also the center wealth. 

You thus perceive that have invited you join the cele- 
bration the first centennial epoch our history that not 
paralleled eclipsed any the world’s history, for led the 
establishment the predominence the Anglo-Saxon over the Latin 
race the American Continent. mean disrespect the state- 
ment this fact. state modest pride, with due respect 
for all nationalities and especially for the Latin race. When 
remembered what has been accomplished since the purchase this 
territory, what remarkable development and building cities and 
wealth between here and the Pacific Coast, you will pardon for 
indulging this self-congratulation the power our country 
and our people. And permit you that feel allthe more 
proud because was accomplished peaceful diplomacy and but 
partly destructive wars. The patriotic emotions which the mem- 
ory this Louisiana Purchase epoch arouses our hearts, causes 
entreat you join with our song and jubilee, yea, shout 
with us, for the glory Republic which has become Empire, 
without the loss virtue, liberty independence. The purchase 
this territory was the beginning policy which has made usa great 
republic, and was principally the work one our great men, who 
was seer statecraftand colossus executive official courage. 
the deliberations and discussions this Congress are realizing 
events anticipated his prophetic vision. the assistance 
the deliberations this Congress shall open the second century 
after this important epoch our history, will have proved have 
been most auspicious event. has brought together men thought 
and action, pioneers, conservators and promoters the highest civil- 
ization the world has known. The fact that from all points the 
compass men are here participate the work this Congress shows 
that undertaking that has its bottom foundation the 
welfare all the people the world. For have engineers from 
all countries, men who have contributed their knowledge, experience 
and their speculations, brought here ameasure adjudged be- 
fore tribunal that has not its superior though but voluntary 
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assemblage but few years’ effort creation. Therefore, heartily 
congratulate you each and all upon this auspicious event, and 
express the hope that will mutually understand each other, and, 
when have concluded our labors, shall have promoted the 
cause engineering, that shall have strengthened every brother 
the profession present, not only the requirements, butin the firm 
belief that each one has most exalted mission fulfill the world’s 
history. We, members the profession, however earnest, 
thoughtful and industrious, too often lack enthusiasm, trusting 
desirable results following from reasonable effort. That sound 
philosophy, but success does not always crown reasonable effort. 
Enthusiasm and extraordinary effort too often the price success 
and victory. confidently expect when the work this Congress 
shall have been completed our fondest hopes will have been realized, 
and that, when shall have becomea part the engineering literature, 
will prove depository ten years progress our profession, 
which there has been accomplished much, not more, than gny 
preceding decade. Therefore, congratulate you upon this auspicious 
event. 

Mr. Francis, the President the Louisiana Purchase Expo- 
prevents his attendance. Mr. Skiff, Director Exhibits, 
will respond place Mr. Francis. 

Mr. President, Ladies, Members 
the Congress and Visitors; difficult task under any circum- 
stances appear the satisfaction others the place Presi- 
dent Francis. usually, fact, always, regret circumstances 
compel todoso. Therefore, regret this morning, because 
your President has said, Mr. Francis absent account the death 
his uncle, who stood much closer him than that relationship 
usually does. 

However, the exposition management could not permit assem- 
blage this distinguished character gather together without some 
expression its unusual gratification. The Congresses and different 
International and National gatherings that from time time are 
meeting this Exposition number the total about four hundred, 
and how much greater value this register universal opinion and 
judgment and thought will than the mere exposition material 
things, you, gentlemen, are capable judging are, 
think, estimating. This Exposition, think, will appeal all 
students, scholars, professional and technical men, having 
higher nature educational mission than any similar undertaking. 
fact, the basis our labors and the hope our toil. The 


Exposition material sense will pass away to-morrow, day, 


and the memory contemporaneous people will sustain arecord 
for only short time. But the record the thought that created 
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the Exposition, not referring the management, but the record 
the thought through which these material evidences man’s con- 
dition and society’s condition this time—that record becomes 
asset that will build and sustain the ages. 

Unprepared, man should address meeting this 
nature, am, shall not presume, ladies and gentlemen, 
more than extend you the cordial welcome the management. 
opportunity this character, say something receptive minds, 
get men thought and push and progress sympathy with what 
you may have entertained with reference the affairs society 
this time, and the importance professions its development, 
occasion that would have welcomed very warmly. But, say, 
justice you and fairness myself, must not follow 
rambling way the fugitive thoughts that occur me. have just 
this moment received the suggestion that appear behalf the 
President, and left important committee forthat purpose. How- 
matter how accidental, and, under the circumstances, how 
painful appearance here this morning may be, desire confess 
you the honor experience addressing such gathering. 
behalf the management, let assure you that the Exposition 
appreciates meeting within its domains such magnificent com- 
pany people, both its personnel and its relationship life. 
see the evidences every where about these 
grounds. almost trite say that there would have been pro- 
gress without the engineers. thank you for being present. 
highly appreciate the representative character this meeting. 
trust that your deliberations will attended, not only with theintel- 
lectual and scientific results that you aspire to, but your own 
personal comfort and satisfaction, and anything that this Exposition 
can contribute that end, let assure you behalf the 
President, the Exposition entireiy your command. 

next thing the way address comes 
from gentleman who has been amongst but few short weeks, 
less than month, but, that brief interval time, his association 
with has endeared him greatly people and particularly 
engineers. The birthplace such man cannot wrong, 
matter upon what spot the globe may found. 
proud him, and, had his place nativity been the United 
States, though could not have contributed perhaps much 
has England, would nevertheless have made prouder and 
endeared him all the more. not necessary for in- 
troduce Sir William White this audience. too well known. 
Sir William, will you kindly take the stand. 

impossible for express sense obligation you, sir, for 
the very kind terms which you have spoken and work, 
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and rise, not refer any personal work merit demerit 
own, but your request speak behalf all foreign engineers. 
taking part this Congress. asked undertake that task 
very high distinction. This Congress has brought together, you 
have said, sir, engineers eminence from all parts the civilized 
world, and its proceedings will contain contributions from men who 
have distinguished themselves the several branches their profes- 
sion and who here put before this Congress their matured thoughts 
and the record their experience. And speak behalf such 
men before such audience honor that most highly appreciate. 
the fact that have been asked chiefly due the 
circumstance that this year the President the Institution 
Civil Engineers, and great happiness that this year 
office has been marked many new departures and has led 
come the United States for the first time life and here the 
representative what the parent Society Engineering all 
English-speaking countries the world join hands with our 
American brothers. And sure may venture one step 
further and say that all the foreign delegates present here from all 
other countries heartily share the feeling regard and respect 
which have endeavored express behalf the English En- 
gineers toward the American Society Civil Engineers, whose guests 
are this occasion. The Institution Civil Engineers trying 
the utmost its power show the respect which has for the 
American Society Civil Engineers, and, ventured say our 
first meeting New York when you were good receive us, 
have done your honor that which has never been done before the 
eighty-six years its existence, and have done more for this Con- 
gress than have ever done for any Congress, even including that 
great Congress held Glasgow, which was also International. There 
the Association its corporate capacity had appearance. The 
President the Institution was President the Congress and 
nearly all the Presidents the several Sections were members the 
Institution; but the Institution its corporate capacity did not 
appear then. But now, to-day, the decision the Council and 
with the approval the members, stand here, sir, convey you 
the good wishes friends and fellow members who are present: 
here numbers to-day, and behind them the good wishes—the best 
wishes for your success herein all your engineering work—of the 
eight thousand members our Institution, and amongst those eight 
thousand members there are many the most eminent men who are 
citizens the United States and prominent your Society. 
great joy think that wherever have gone this continent 
have been met members our Society, and have felt even 
more home, because when man comes you and you clasp hands. 
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with him, although you have never seen him before, there com- 
mon bond, common interest and sympathy that difficult ex- 
press, but which none the less realand true. are old, but 
are means effete. are vigorous, which shown this long 
journey are taking our old age; and many directions are 
showing signs life. During the last two three years steps have 
been taken our Institution which mark new departures, new de- 
partures which venture say, and say with all respect, will 
followed other engineering Societies. 

learned profession, should be, and the Institution Civil 
Engineers has marked its appreciation that fact insisting upon 
strict educational test embracing engineering education and scientific 
training all departments. the matter standardization, 
which affects manufacture and production most remarkable way, 
the Institution has taken steps appoint most powerful Committee 
which has been work now some considerable time, and many the 
reports which have been placed the disposal your Society and 
will found here. may not able standardize throughout 
the world, that not expected, but are glad place your 
disposal such information and facts and conclusions profess and 
ask you for interchange, feeling sure that the experience 
this great Continent its various branches engineering will 
the greatest value us. 

And then this year, have taken another step which naturally 
grows out that which spoke just now, the insistence upon 
educational test, and have again appointed Committee represen- 
tative the Great Engineering Society Great Britain deal with 
the question engineering education, matter which has been most 
thoroughly considered here and where have been able learn 
much and which all agree must largely affect the future engi- 

These are only samples what venture say are evidence vig- 
orous life Institution which ninety years old, and 
giving me, President that Institution to-day, the prominence you 
have asking respond for your foreign visitors, may again 
say that take not merely chiefly personal matter, but 
tribute the dignity the office which present hold. 

This gathering, all know, one great series. suppose 
may say that the first great occasion this kind was Chicago 
eleven years ago, and since that time there have been similar gather- 
ings Paris, Glasgow and Diisseldorf, and naturally come back 
this country and the cycle begins again, and could not begin 
under happier circumstance more suitable locality. 

You have spoken historical events connected with St. Louis. 
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these are matters great interest because they had with 
the growth this great kindred people, but, may say so, think 
voice the feeling English Engineers when say cannot come 
St. Louis without thinking Capt. Eads. most now 
only name, but think all will make visit the levee and 
look upon his great bridge standing there. And all know those 
works carried out the mouth the river and Iremember 
when only young naval architect reading with immense interest 
the account what Capt. Eads did the way the construction 
flotilla these waters during the Civil War, work accomplished 
under enormous difficulties, under great pressure time, but done 
manner that fully met the requirements the situation, and which 
doubt had great effect the results operations this 

These are only few instances what remember Capt. 
whose name sure cherished that great engineer whom 
are all proud and whom all respect. 

And then the organization this Congress. You, sir, this 
side having faculties for organization and you had the experience 
the Chicago meeting upon besides the knowledge that had been 
acquired from these other gatherings other countries, but may 
say so, anyone who looks through your Proceedings and sees the list 
papers prepared the many authorities can want further evidence 
the capacity, the grasp and comprehensiveness the scheme which 
has been laid down for our meeting here. But there one little touch 
which shall mention. into the room this morning 
and saw this diagram the board giving the particulars the places 
meeting the various sections. had, before saw that scheme 
the places meeting, the greatest admiration for the skill that had 
been displayed the organization, but the final touch was reached 
when saw that Section the Naval and Military, worthily repre- 
sented Major Craighill who sits here, was meet the room 
the Lady Board Managers. not remember any gathering with 
which have had heretofore where have seen the proprieties 
beautifully dealt with Section and sure with Gen. 
Craighill our head, those who belong will have good 
time. Section reserved for us. Itis only those that belong 
the naval and the military that are join the Lady Board 
Managers. 

Now, resuming what have say about this gathering most 
fitting that these Congresses should held connection with such 


expositions have here St. Louis, and entirely echo the sen- 


timent expressed the gentleman who preceded when say that 
the educational side this Exposition certainly bears part. 
proud thing for engineer walk about these magnificent build- 
ings, see the wonderful collections there and think that be- 
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longs profession which has had much with the creation 
all these marvels and with the great advances that have been made- 
every direction for the mankind. One has try cultivate 
spirit modesty such danger one sees what has 
been done pluming oneself too much and perhaps becoming in- 
effective for the future, for man, experience men, who 
thinks has finished learning had better retire from the profession 
and take something less difficult than engineering. Here have 
latest applications science, engineers all countries contributing 
not merely show what the present position affairs, but give- 
the means indicating what are future tendencies the several 
branches, and then what evidence much and what rejoices us. 
that cannot walk through the Exposition without thinking that 
ideas secrecy and the monopoly invention gone and. 
instead have the modern spirit which invention legally protected. 
published the world. stands upon its merits and its results. 
decide whether not shall largely utilized. And meet 
with such gathering this, gathering engineers 
from all parts the world, lesson and not only lesson, but 
great opportunity all us. Science and engineering are 
sarily and inevitably connected. Their union indissoluble. 
one refuse admit that applied science any way inferior what. 
called pure science. have the highest respect for man who de-. 
votes his life service without thought commercial result 
pecuniary reward; but say, have often said before, that 
thinking man who takes upon himself the task doing things—en-. 
ormous responsibility, not merely for material benefit, but for human 
life—that man equally worthy respect and admiration, and when. 
hear, sometimes hear, men hold the example Faraday 
and say that the noblest character who makes discoveries and puts. 
aside the question personal advantage, say Faraday noble- 
type, but man who, like George Stephenson, faces the unknown 
and carries through enormous undertakings for the benefit man- 
kind also entitled equal respect from his fellows. 

The engineer must man science. purely scientific man, 
devoting himself does tasks commanding the highest grade 
the intellect, free from many cares that press upon the engineer. 
Let then our several ways respecting one another, helping one- 
another, and may sure that for that happiness the 
world may better. 

And then, one goes about the there another thing 
seen and that the marvelous diversity under modern conditions. 
the tasks the engineer. ‘There was atime when the Civil Engi- 
neer, his own person, could embrace all kinds engineering, and 
practiced nearly every kind and -every branch 
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ing. All branches, whether canals the kind that belong the end 
the Eighteenth Century, railroads, bridges, all lay within the 
grasp and practice one individual. But how different now! 
may have some knowledge many branches, but all find the 
years that become specialized whether will not. 
science engineering. let remember always that all branches 
engineering are inter-dependent, they are all related. The lines 
demarkation cannot defined. man may intend one thing 
and come quite another. never intended engineer 
all, but somehow came one. had noone belonging that 
had the least connection with shipbuilding, but have been ship- 
builder. would called the force but 
happened, and engineering whole men find their place. 
not mean say they continue all their lives practice one branch 
engineering, but the unavoidable necessities cause men however 
able attached some special branch work the years 
and distinguish themselves there. And this Congress, with 
its several sections, let feel that although that true, and special- 
ization unavoidable, let remember that have the common tie 
all being engineers, and that help oneanother, that one stands 
alone but even the specialist dependent upon his brethren. 

Now, may refer that which know most about, shipbuilding, 
just think what the modern ship involves. The modern ship could 
never but for the joint action many branches of, engineering. 
You know you have the Mining Engineer, the Metallurgical Engineer, 
the Mechanical Engineer, the Marine Engineer, and the Electrical 
Engineer, all contributing help the Naval Architect produce the 
ship that plows the sea, and defends the honor the flag. The Naval 
Architect takes the concrete responsibility, but avails himself the 
skill his colleagues. And isin other ways, and one might 
multiply illustrations. The truth are not divided, although 
must specialized, and that, think, the great feature our Insti- 
tution and your American Society that you not exclude any 
branch engineering from membership, that gentleman who 
accomplished and competent any branch engineering, with 
and believe also with you, entitled the privileges full member- 
ship. have sat the chair the Institution Civil Engineers dur- 
ing the past year and listened discussions the most diverse char- 
acter, and have never occasion failed get some good, 
some idea, some suggestion, some additional information that would 
helpful own work. And then, may one step 
further, like think this occasion how one nation helps another, 
not merely how one department engineering helps another, but how 
one nation helps another. We, England, have grown the 
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great shipbuilders the world. are proud it. claim it, 
know hold it, and intend never sacrifice long 
can hold it, but not forget that owe our knowledge the 
theory naval architecture our French brothers. The French, 
naval investigation, were leaders, and they to-day remain the fore- 
front investigation, and we, Who learn much from them and who 
now endeavor equal them the theoretical side, think, our 
turn, have been able give some service the department the 
practical art shipbuilding. And America. like think 
the things which are reckoned belonging peculiarly the United 
States. Take, for instance, the America’s Cup. Everybody knows that 
the America, which took the cup, was designed gentleman named 
Steers, who was born the United States. That you all know. 
bound say you can all tell that, but wonder you all know, 
do, that the Mr. Steers who designed the America was born week 
two after his mother landed here, and that his father was born 
oar own little town. will leave you say how much claim 
have Mr. Steers, and shall not enter further into that discussion. 

Now, course, relation Engineering its great development 
can fairly claim that have done most, was said the gen- 
tleman representing the Exposition, have done most—I think 
might more modest say much, toward all the modern changes 
that have been beneficial humanity. extraordinary when one 
thinks what work the engineer has done the promotion the 
knowledge one nation another the maintenance peace, 
the development the forces and resources Nature, all that 
makes for the good Mankind. And that the side, think, 
should most inclined dwell upon, the benefits that engineering 
confers upon our fellow-creatures, the waste places earth made 
blossom, distance annihilated. life has been largely connected 
with the construction warships, and perhaps may seem funny 
thing for say that that the side engineering which 
should most proud and going make claim that will aston- 
ish you. sorry deal with personal matter, but cannot 
make point without doing so. has been fortune spend 
more the public money England upon naval armament than any 
man who ever lived, many times over. After spending $500 000 000, 
which was about the expenditure that had responsible for 
during tenure office, upon warships and armament, may seem 
strange that should lay claim having done much for the mainte- 
nance peace, but make that claim, and for this reason: 
There old Latin proverb which always had before the 
country school Portsmouth, vis pacem para bellum,” you 
want peace ready for war,” and can say, personally, that the 


q 
4 
2 


432 INTERNATIONAL ENGINEERING CONGRESS. [Society 


possession England great navy has been the cause the main- 
tenance peace many occasions, when otherwise peace would not 
have been kept. The policy England and the United States 
that peace, but one can hope for continuous peace, the world 
is, who lies open attack which cannot met, and venture the 
claim that even the war side the same might said military 
matters. There, the engineer just essential the building 
warships, whether the production guns ammunition ex- 
whether the production the means transport, 
including the latest development, the traction engines, which used 
much South Africa, the electrical equipment, modern army 
impotent without the work the engineer, and there, again, while 
deplore that should necessary that these large sums, which 
could much more usefully employed developing peaceful 
industries, should have expended warlike preparations, yet 
the world is, taking human nature is, the engineer who devotes 
himself warlike work, judgment, can fairly claim stand 
among the peace-makers. 

Ladies and Gentlemen, fear have been too long, but wish 
before sit down back that idea, that engineers through- 
out the world are brothers arms fighting against the adverse forces 
Nature, turning them into useful forms, taking the great waterfalls 
this country and harnessing them intothe service Man. 
just been Niagara, and there both sides saw those wonderful 
works proceeding which will turn those magnificent falls into the ser- 
vice Mankind even more extensive scale. Toronto was 
speaking that great English professor, Goldwin Smith, and said 
‘‘If you are going Niagara, hope you will say them ‘don’t 
let that beautiful wild spot spoiled great engineering opera- 
tions.’” got Niagara found that the Superintendent 
the Canadian part was Civil Engineer, member our Society, and 
there was the engineer, and one his great preoccupations was that 
those works are completed Niagara shall beautiful 
possible for human skill make it. the scheme. 
not necessary make things ugly make them useful, although 
some people act times they thought was. That the idea, 
brotherhood engineers, brothers arms. like think Engi- 
neering great and splendid tree. Its rootstrikes deep into the 
thoughtful soil Science. Its main trunk lies the idea.of subor- 
dinating and utilizing the forces and products Nature the service 

Mankind. Its branches ramify all directions, and are continu- 
ally throwing out fresh shoots new demands arise and new things 
have met, and behind all lies the fundamental idea that all En- 
gineers have one common object, the service Humanity. 

will now call upon our foreign representa- 
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tives say few words upon this occasion. sincerely hope that 
they will respond the order called upon. 

The first gentleman who will address you Loicq Lobel, 
Delegate the Société Geographie, Paris. 

President and Gentlemen the Inter- 
national Engineering Congress: You know with what difficulty 
Frenchman attempts speak the English tongue correctly; and, 
therefore, you will permit use mother tongue express 
you the great pleasure and satisfaction that have with you 
because you are noble representatives the Genie Civils” all na- 
tions, and say without fear contradiction that the greatest 
works the past century are represented this body those who 
were their inspirers und executors. 

have visited some your Universities, and have seen what you 
are there accomplishing through improved methods instructing en- 
gineering students combine theory with practice. 

sure that this Congress will produce good results the de- 
velopment the ‘‘Genie and cementing more intimate 
union between all engineers the world. 

hope that you will find early another occasion hold such 
Congress, next time France, when shall make efforts give 
you the same cordial reception that you have accorded here to-day. 

next gentleman who will address you 
Herr Oswald Ehrlinghagen, Germany. 

Herr Ehrlinghagen spoke his own tongue, and his remarks were 
not reported. 

will next hear interesting address 
from distinguished citizen our sister Republic, the Argentine 
Republic; gentleman who has grown honorable and eminent the 
pursuit the great Profession Engineering; one who will impress 
you one the veterans this grand profession. 
introducing Hon. Huergo, Buenos Aires. 

Mr. President, Ladies and Gentlemen: 
voice the importance this Engineering Congress the World’s 
Fair held St. Louis useless, because your own presence here 
testifies sufficiently it, you who have come from every part the 
world take part and evince your interest this International 
Congress Engineers, and witness the same time the results 
the accumulated and combined effort Humanity displayed 
this Exposition. 

have come from the Argentine Republic, and have been traveling 
may say two months, for London route, and from 
there had come through reach New York, and finally 
the St. Louis Exposition. 


cannot prophesy what the results this Congress will be, 
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because time here far has been given learning what could, 
and have had time form conclusions. 

been given, through the courtesy the American Society 
Civil Engineers, New York, the privilege inspecting some the 
principal engineering undertakings there. have visited the Subway, 
the Navy Yard, the West Point Academy, and some the engineering 
shops, electrical and otherwise; and have admired the great kindness 
and complaisance with which have been received. 

have collected great deal information about the transporta- 
tion questions which are all-important throughout the whole world 
to-day, and upon the practical solution which depends every 
industry. 

have had great pleasure visiting this gathering, composed 
many English, German and French engineers, well 
those other nationalities; and believe that the Engineering Pro- 
fession combined hold within their hands greater powers and possi- 
bilities than did the Olympian Gods old. 

have had the great pleasure—which alone would have compen- 
sated for all the labors travels—of shaking hands and exchanging 
few words with Thomas Edison, and consider that such man, 
who has helped achieve that which few years ago would have 
been accounted impossible, worthy place higher than that 
those pagan gods. 

have been Washington; and under great obligations the 
Department War, the Department the Navy, and the 
Agricultural Department, for their liberal information engi- 
neering applied those various departments, 

You will consider rather strange that should address you 
the English tongue. was fact educated the United States, but 
long ago—forty-seven years, almost half century—that 
quite disadvantage addressing you. You may wonder then, 
why choose use English rather than Spanish, which latter 
tongue would not hampered find proper vocabulary; 
simply because were use Spanish would understood none, 
and therefore have used English. One reasons for doing 
that for fifty years have followed the great maxim George Wash- 
ington: what right, and fearno man.” (Applause.) 

call next upon Mr. Bachmetew, the 
Polytechnic Institute St. Petersburg, Russia, whom take 
pleasure now introducing. 

Mr. Chairman, Ladies and Gentlemen: 
feel greatly honored appearing before you the representative 
Russia, and command English very limited, remarks 
will brief. 


One fact, especially, wish impress upon you, and that that 
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subject for congratulation universally that the central idea which 
has inspired this Congress fully exemplified, and that here 
see fully illustrated the fact that the science Engineering 
growing more and more international scope, and that engineering 
progress developing more and more upon these international 

lines. 
further wish convey you from the Engineers Russia 
hearty greeting and best wishes. (Applause.) 
next speaker who will address you 
Mr. Otto Schoszberger, E., the Imperial Technical High 
School Vienna, Austria, whom have the honor now introduce. 
Mr. President, and Members the 
International Engineering Congress: representative the 
Engineers and Architects’ Association the Technical High School 
Vienna, bring you hearty greetings from your foreign co- 
workers. rejoiced participate the deliberations the In- 
ternational Congress Engineering St. Louis, under the auspices 
the American Society Civil Engineers, grandly planned, 
organized and carried out all its details. find far exceed 
anticipations. 


Secretary will now make some impor- 
tant announcements. 


Hunt.—I have just received the following cablegram: 


Engineering Congress, 
Greetings Junior Institution Engineers. Best wishes. Success. 
President.” 


wish, further, announce that Colonel Watson, Commis- 
sioner-General for Great Britain, has issued the following invitation: 


Commissioner-General for Great Britain and Mrs. Watson 
request the honor the company atthe British Royal 
Pavilion Wednesday afternoon, October the fifth, 1904, from three 
five o’clock, meet the President and Members the Interna- 
tional Congress Engineering.” 

requested Colonel Watson say that owing the location 
the building the center this Fair, will necessary for each 
the Congress, and each the ladies who are attend, 
bring with them card introduction which will issued. Those 
who have registered will few hours later able receive those 
the Secretary’s office this building. (Applause.) 


cas 
es 
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have the following letter: 


Secretary International Engineering Congress, 


The Engineers’ Club St. Louis extends very cordial 
invitation the members the Engineering Congress attend 
smoker, Friday evening, October 7th, 8.30 o’clock, the Missouri 
Building, World’s Fair grounds. 

the hope the Club that all the members the Congress 
will find convenient present that evening. 

truly yours, 
Secretary.” 


this occasion will not necessary have tickets; the 
badges the members will admit them. Nothing said about the 
ladies, presume that they are not expected. 

also have the following: 

Mo., Sept. 30, 1904. 

Secrelary the American Society Civil Engineers, 


behalf the Local Committee the American 
Institute Mining Engineers, gladly extend your Society and 
other visiting engineers, the use and courtesies our headquarters 
Block 74, Mines and Metallurgy Building. Engineers are wel- 
come, and will glad extend any courtesies within our 

very truly, 
WHEELER. 


Also the following: 
Mo., Oct. 1904. 
American Society Civil Engineers, 
ADMINISTRATION Farr. 
The Goldschmidt Thermit Co. has offered make 
special demonstrations for the members the International Engineer- 
ing Congress such days and such hour may most conven- 
ient. The Company demonstrates the application melting and 
smelting steel chemical reaction, and believe would interest 
good many engineers see this new process. Perhaps would 
well have this demonstration given two different days. They 
are executed front the metal pavilion near the Mines Building, 
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and take fifteen twenty minutes. would suggest Tuesday and 
Friday afternoons, 4.00 and would pleased hear from 
you, 
truly yours, 


Mr. Mogensen suggests Tuesday and Friday afternoon, 4.00 
think had better adopt these times, and those members whoare 
interested the matter will the Metal Pavilion, near the Mines 
and Metallurgy Building, o’clock either to-morrow Friday 
afternoon, they will given this opportunity witness the experi- 
ments named. 

requested the Canadian and Niagara Power Company 
say that there are thirty copies little pamphlet which was given 
the British Engineers their way through Niagara, and 
copies have been forwarded here for delivery those members. 
that body who did not the train. They can had appli- 
cation the office the Secretary. 

You all have copies the programme, course, not think 
there very much tocallattention there except, perhaps, explain 
that the intention carry out the programme printed. the 
discussion any one the subjects assigned for Tuesday not finished 
will not run over until the next day, but will called atthe last 
meeting, which has been left open for the purpose. 

The meetings the Sections are shown the bulletin-board, 
which gives the location the various meeting-rooms, and will not 
all difficult for you find them. However, inquiry can 
had any time the Secretary’s office, which will open all 
times, and you will directed properly. 

Mr. President, Mr. Brooks, Boston, wishes say few words. 

Frep. Brooxs, Am. Soc. E.—Mr. President and Gentle- 
men: wish get little information apropos the fact 
that many the members this Congress are going home east- 
ward, and those who can make convenient stop Boston, 
would say that Boston there large local Society, the Boston 
Society Civil Engineers, behalf whose members stand here 
say that they wish afford facilities for the members this Con- 
gress see what there-is interest Boston. There great 
deal interest Boston. assume that the world knows that 
fact, but the information desire order afford proper op- 
portunities for showing any them, how many are go, 
and when they will there; and, far may be, what they particu- 
larly desire see. list will opened the Secretary’s office after 


‘this adjournment, and those who have time Boston will 


please make this known the Secretary, and through him me. 
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adjournment this meeting the Con- 
gress, would like make announcement connection with the 
Annual Convention the American Society Engineers. 

The first meeting that Convention will held this hall 
2.30 to-day, which meeting the President, Mr. Hermany, will 
deliver the.Annual Address. 

the close the address the President there will Business 
Meeting the Society. like say that all members the 
Congress will very cordially welcome the meeting which Mr. 
Hermany delivers his address. 

this first session the Inter- 
national Congress Engineers now stands adjourned until the final 


CLOSING SESSION. 
October 8th, 1904, 


October 8th, 1904, M.—Mr. Robert Moore, Past-President, 
Am. Soc. E., the chair, Chas. Warren Hunt, Secretary. 

meeting will please come order. 
sorry, sure you all are, the announcement that Mr. Hermany 
indisposed and may not able here this morning, although 
are not wholly without hope. has been thought best that the 
meeting should called order his absence. will, therefore, 
ask the Secretary for the next business. 

Tue Convention was have report from each 
the sections the Congress and have one from Mr. Alfred Noble, 
Chairman Section who not able here this morning. 

The report was read the Secretary, follows: 


beg submit the following concerning the work Section 

The several subjects referred this Section were treated 
able manner the engineers assigned prepare the papers. The 
present methods adopted Harbor Development Sea Coasts the 
British Empire,in Holland and France were fully well the 
methods use the Sea Coast and the Great Lakes the United 
States. Much interesting discussion was elicited, both written and 
verbal. Two papers, treating specifically the use concrete blocks 
Harbor Works, one general character, the other referring 
specific case Japan, were received too late printed for the use 
the Congress. 

the subject Natural Waterways excellent description 
was given the methods successfully adopted for the rivers Hol- 
land, and the discussion was given the experience 
the improvement ofthe Channel ofthe Mississippi. 
tion the so-called Rolling Dams was given and discussed length, 
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the discussion eliciting interesting comparison rolling and bear- 
trap dams. 

The subject Artificial Waterways was treated with reference 
three important Ship Canals Holland, and the Inland Navigation 
System France. comprehensive paper the general subject 
Artificial Waterways was presented and special reference made the 
Manchester Canal and suggested waterways across the Island Great 
Britain. Typical canals and canalized rivers were also fully described 
ina relating specifically those topics. 

The subject the concurrent development traffic water- 
ways and railroads was taken and examples cited show that they 
were concurrent. This view was also supported the discussions. 

The several papers Dredges described comprehensively the 
various kinds found best adapted for different conditions this con- 
tinent, well other countries. Tests the capacity and effi- 
ciency dredges, carried out much detail, onthe Mississippi elicited 
very full discussion. 

Under the head Wharves and Piers the methods adopted 
New York Harbor received adequate treatment descriptive paper 
and the discussion which followed. 

meetings the Section were well attended. The papers 
and the discussions were broad lines, and believed that the 
proceedings the Section will constitute valuable portion the 
records the Confress. 

Very respectfully, 


you record Section Mr. Croes, the 
Chairman that section, present? 

The Secretary reported, the absence Mr. Croes, Chairman 
Seetion that four meetings were held Section which 
papers were presented. There were also discussions writing and 
Members participated the oral discussion. The average attend- 
ance was 


Mr. Hermany, the Chairman the Congress, arrived and took the 
chair. 


will now call for the report from the Commit- 
tees Section 

Mr. President, have written report Section 
but will say that had three meetings, first Railway Terminals, 
which the very important question, and one which pressing hard 
all the trunk lines all the great cities railway and passenger 
terminals, was quite fully discussed. had the general statistics 
presented Mr. Corthell, and paper Mr. Foxlee, London, 
describing the present practice London and the proposed modifica- 
tions one their great stations. Mr. Pontzen also described some 
the most recent devices for handling passengers and baggage the 
City Paris. 

The second discussion was Underground Railways, paper ‘by 
Mr. Wm. Barclay Parsons, descriptive the practice New York 
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and the present elegant subway which ready for use, another 
Messrs. Basil Mott and David Hay, giving their views the subject. 

the absence Mr. Parsons were obliged discuss his paper 
without him. 

The third topic for discussion was Live Loads for Railway Bridges, 
and fully discussed and some very important suggestions. 
made. Ventilation Tunnels, which was presented 
paper Mr. Charles Churchill, the Norfolk and Western Rail- 
road, and Mr. Francis Fox, London, both whom showed 
actual example the entire feasibility rendering even the longest 
tunnel perfectly safe and wholesome, and showed, also, figures, the 
the great economy operation accomplished doing. were 
also fortunate that day having present Mr. Parsons, who gave 
important and interesting account some matters concerning the 
subway and also the ventilation tunnels which was the subject 
proper for that time. 

The meeting then adjourned sine die. This was earlier than some 
the other Sections adjourned, but might expected that 
those who rail should arrive earlier than those who steam- 
boat, canal other antique method. will say, however, that these 
meetings were well attended. The discussion was interesting and 
valuable, and think the members Section will back with the 
strong impression that the meeting was very well worth their coming 
here attend and that will very evidently impress remembrances. 

THE next report from the Chairman Section 
Mr. Stearns. 

Mr. and gentlemen, have not prepared any 
detailed report the operations this Section; fact, would 
very difficult. was largely attended and there were many dis- 
cussions that would rather tiresome enumerate them. The sub- 
ject was Materials Construction. first day, the papers the 
manufacture Steel and the Manufacture Cement, were submitted 
and very thoroughly discussed. the next meeting the discussion was 
Concrete and Concrete-Steel, and brought out very thorough and 
complete discussion which could not finished that day. The 
third day took all the Materials Construction, including Steel, 
Cement and Wood. These also were fully discussed. Then the 
fourth day continued the discussion Concrete and Concrete-Steel 
and that will develop great deal interest. These results this 
section the Congress will make valuable literature. When first 
came St. Louis looked the paper and the funny column there 
was the story gentlemen who had seen the programme that 
there were congresses which there were men and women, that 
had attended the congresses, and that had found that the men with 
the brains were Pike.” not true the engineers— 
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don’t mean that they are not men brains—but not true 
were ‘‘The Pike.” was surprised that with all the attrac- 
tions there were the Fair that there should such attendance 
the Congress, and there was the section over which presided, 
and, hear, report, were the other sections. shows 
interest the engineers their profession. Discussions were thor- 
oughly valuable. They came from gentlemen who were prominent 
various lines, and, further than that, they were truly international. 
every subject that was taken had very interesting 
sions from men from the various nations who were well qualified 
discuss the subject. seems that those who organized this 
Congress and those who planned bring forth all these 
papers and discussions should congratulated and worthy 
praise for the work they have done. 

Haines, Chairman, and the Secretary will read his report. 


papers presented this Section were upon topics which at- 
tracted considerable audience each session and elicited interesting 
discussions, which valuable contributions were made engineers: 
from England, Germany and Sweden. 

topic Pumping Machinery connection with municipal 
water supply was discussed throughout one session and carried over 
another. The papers upon recent locomotive practice were replete- 
with information and contained some valuable suggestions the 
field for improvement. 

papers upon Passenger Elevators and upon recent tests 
Steam Turbines, connection with the discussions upon them, repre- 
sent the views experts with reference the prospective field 
such devices that are based upon the most recent experience. 

The total results the four days’ sessions this Section 
been character confirm the opinion that, for International 
Congress real utility, its discussions should confined 
few live topics, presented papers leading experts and 
appropriate sections upon appointed days. 


next report from Section Electrical, 
the Secretary will read that report. 

Chairman this Section, Mr. Geo. 
Pegram, Am. Soc. E., was leave before this time and 
did not have opportunity report. can say, however, 
that this section, while there were only three papers presented, they 
were topics great interest, and while the meetings the Section. 
were not very largely attended, there was exceedingly good 
sion experts. 

Naval, General William Chairman. 
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GENERAL President, Ladies and Gentlemen: The 
subject Section was Military and Naval Engineering, and was 
one not lead expect very large attendance, and that our 
expectations were realized, but say that while were not 
great numbers, that the men brain were there. Very few the 
authors papers were present, and had many papers our Sec- 
tion all its subjects and was truly international Section, and 
had papers not only from men our own Society and civil engi- 
neers the United States, but also had several interesting papers 
from England, Japan, Russia, that think may make 
claim that our Section was international one. the ab- 
sence the gentlemen whose names you find upon this programme, 
especially Lieut.-Col. Holden, the Royal Artillery England, and 
also Admiral Endicott, from whom expected paper and whose 
presence also expected, but neither came nor gave paper, 
which were greatly disappointed. 

The proceedings the Section were opened the consideration 
the subjects Fortifications and Ordinance. Wehad very excellert 
paper fortifications from one engineers, Major Goethals, 
who could not present, and there was discussion. There 
excellent paper also Ordnance read Capt. Burr, the Ordnance 
Department the Army, who presented his paper and precipitated 
very interesting discussion. The principal paper Naval Architecture 
was Sir William White, and there was also admirable paper 
compiled the University Tokio, the authors which were four 
the professors that None them was present, however, 
which very much regretted. 

the subject Marine Engineering, had admirable paper 
from Professor Durand, Cornell University, and exceedingly 
one French from Daymard, Engineer-in-Chief, the 
Trans-Atlantic Company, France. His paper was exceeding 
interest. 

Upon the subject Lighthouses and Other Aids Navigation, 
had number printed papers, one Lieut.-Col. Lockwood, 
Engineer Secretary the Lighthouse Board, Washington. 
had also paper from English engineer, Mr. Thomas Matthews, 
Trinity House, London, and also interesting and instructive work 
from Ribiére, Ingenieur Chef des Ponts Chaussées, Ingen- 
ieur Chef Service Central des Phares Balises, France. 

Upon the subject Dry Docks, had three papers, one from 
Mr. Cuthbert Brereton, London, one from Paul Joly, 
France; and another from Mr. Timonoff, Russia. None the 
authors these papers was present. The discussion all the papers 
was exceedingly interesting. that the men who wrote them 
were men who knew what they were writing about. They presented 


| 
| 
5 
| 


tries for the measurement 


INTERNATIONAL ENGINEERING CONGRESS. 443 


their subjects interesting way, but way give information 
bringing out the salient points for our consideration, and the discus- 
sion was most interesting, although indulged afew. 
before, our numbers were not great. the whole, sure the 
perusal these papers will interesting civil engineers, well 
naval engineers. 

conclusion, wish say that were especially favored this 
Section having with every session, and during almost the 
whole each session, gentleman whose specialties brought him 
us, and his presence was source great pleasure and profit us. 
refer our distinguished confrére, that eminent engineer and most 
charming English gentleman, Sir William White. (Applause.) 

next Section was presided over Mr. 
Chanute. 

Mr. fell lot preside over arather 
miscellaneous section, and that illustrated very well the wide scope 
occupied the American Society Civil Engineers. The attendance 
was not large, varying from eighteen twenty-seven members, but 
they were truly international. had visitors, who took part the 
discussion, from Great Britain, British Columbia, India, Switzerland, 
Sweden, Japan and one two other countries which cannot locate 
without the Secretary’s notes. The papers were first Irrigation. 


-On that had five papers and number written discussions 


those papers, originating France, Holland and Egypt, and covering 
account the present situation the art which becoming 
greater and greater importance the United States, and account 
what has been done Java, Japan, the Hawaiian Islands and In- 
dia. The discussions were instructive, and will add considerably 
the fund knowledge the subject. This took the first day. 


-The second day had papers Highway Construction, Foundations 


and Mining Engineering, which likewise created very interesting 
discussion. the third day had papers Engineering Educa- 


these were favored with number accounts what 


being done this country and abroad, and were favored with most 
interesting talk from Sir William White. also took that day 
Surveying, which there was some discussion. The exact data will 
furnished the Secretary. the course our discussion be- 


apparent there were two points, not provided for yet the 


rules, which was desirable bring the attention the Conven- 
tion and the American Society Civil Engineers. The first was 
respect the different methods that are adopted the various coun- 
some countries the 
unit the miner’s inch and some others acre-feet, and the 
meeting passed resolution that the American Society 
Civil Engineers should open communication with engineering 
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other parts the world, order secure possible some 
system measurement irrigating water and the rules 
are applicable it. Again, would seem that there were 
great many things that might subsequently occur the members 
which they might wish express, and was the desire 
those meetings which discussion the various subjects brought 
might admitted before the final publication the report the 
and that the Secretary should announce some time 
which such written reports could received. That, be- 
lieve, substantially what was done Section 

Tue Secretary the Congress, Mr. Hunt, will 
now make general report. 

Hunt.—I think perhaps Mr. President, 
Mr. Chanute’s question once, and give notice that written 
from engineers America will received the first 
December, and not after that, for incorporation with the papers 
the published proceedings the Congress, and that all discussions 
received from the other side before the first January, 1905, will 
for publication. 

The programme announced the first meeting and issued 
members the Congress has been carried out, and after the first, 
opening, meeting, the Congress divided into eight Sections. 

There have been meetings these Sections, and the average at- 
tendance each these meetings was about 50. 

the discussion the selected subjects, formal papers 
written prominent engineers, special invitation, were presented. 
Eighty-four these papers were type the time the opening 
the Congress, and had already been distributed for the purpose 
eliciting discussion. 

addition these formal papers, communications were pre- 
the Sectional meetings written engineers who were unable 
present, and, addition this, there were 272 oral discussions 
the meetings. All the latter have been stenographically re- 
ported, and, after they have been submitted each speaker for cor- 
rection, will collated and published, together with the papers, and 
issued all members the Congress. 

The volume the product this Congress will quite large. 
fairly conservative estimate indicates that the proceedings the Con- 
gress will cover some pages type, full volumes the 

Transactions the American Society Civil Engineers. 

The total membership the Congress between 400 and 500. 

its International character may stated that the formal 
presented, well the written communications before 
mentioned, foreign countries are represented, and furnished about 
50% all papers received. 
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this connection, analysis the total attendance the Con- 
gress may interesting. The total number members and ladies 
their families registered was 876, distributed follows: 


North America: 


Europe (continued). 


United States......... 724 
741 

Europe: New South Wales. 


There has been little time prepare detailed report the work 
accomplished the Congress, but, from what has been said the 
Chairmen the various Sections, and from the figures just given, 
seems safe presume that the result will such value the 
Profession, both home and abroad, that neither the American So- 
ciety Civil Engineers (which has inaugurated, financed, and carried 
out) nor those engineers who, contributing papers and discus- 
sions, their presence the meetings, have made this result 
possible, will ever regret their participation. 

Congress will now have the privilege 
listening some remarks from our distinguished guest, Sir William 
White, Pres. Inst. 

think the words with which the Secretary concluded his general re- 
port err the side modesty, and that the right kind error 
make, especially when engineering concerned. 

some extent outsider this matter, although not 
reckon myself outsider where the American Society Civil En- 
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gineers concerned; but looking one who has had nothing 
whatever with the organization this Congress, but who has 
very large experience meetings, not merely Great Britain, but 
international character, there and elsewhere, happy say, that 
neither conception nor conduct, nor organization, nor the 
character and scope the papers printed and the subjects dealt 
with, and the standing their authors, nor the discussions, 
written and oral, which followed upon the reading those papers has 
this Congress any need fear comparison with any Engineering Con- 
gress that has ever been held. 

saying that, have intention make compliments. 
stating that which believe simply the truth, and heartily 
congratulate the American Society Civil Engineers and the Special 
Committee which undertook the organization this Congress, and 
you, Sir, President the Congress (turning President Hermany), 
for your conduct its affairs, its meeting the beginning and now 
its close; and last, but not least, the Secretary the American 
Society Civil Engineers (Applause), upon whom and upon whose 
staff has necessarily fallen the great burden the work, both 
preparation for, and carrying out this great scheme. most 
heartily congratulate all concerned upon its unmixed and remarkable 
success. 

Iam sure that the volumes your Proceedings when published 
will the greatest value the Engineering Profession every where, 
and they will mark for all time the standing the various branches 
engineering this year 1904; and the fact that out the total papers 
contributed about one-half have come from countries other than the 
United States, you will agree with me, will enhance the value 
the Proceedings; for although perfectly true that the enormous 
extent this great country and the many problems that offers, 
problems the greatest difficulty and variety, for solution the 
engineer—that while the United States, say, necessarily shows 
bulk most largely the proceedings this Congress, yet you 
will all agree that the rest the world there ought found 
lessons greatest value and works that are enormous interest 
suggesting you American engineers possibilities either varying 
enlarging your practice, and which you will consider use. 

matter great satisfaction me, Sir, that this occasion 
Great Britain, that is, say the British Empire, has been 
well represented. the classification which has been given the 
Secretary, have heard those who came from England, and Scot- 
land, and Ireland, and Australasia and India; but know such 
subdivision. The British Empire one and indivisible. British 
subjects, wherever they live, are British; and, although there are 
these geographical distinctions, ask you consider that this 
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Congress the British Empire has been represented way 
trust you will think worthy that intimate connection which 
have and always cherish with you this side the water. (Ap- 
plause. 

the beginning spoke the fact that the Institution Civil 
Engineers had for the first time its history made outing and 
taken part officially International Congress. did that, 
then said, order mark the high distinction which our Institu- 
tion holds the American Society Civil Engineers. could 
more. 

think find myself to-day the sole survivor the British Section 
the Congress. look about, and thinkI see other Englishman 
here—and speak Englishmen representing the whole British 
Empire. think one here; but whether this not, let 
the end say what said the beginning, that you have notruer 
friends and more interested colleagues than those who come 
here represent that old institution, the Institution Civil Engi- 
neers. (Applause.) 

have been chiefly engaged under the friendly and kindly 
guidance General Craighill Section There seems sort 
tion the British Association, and nowI find private 
this division here. But while time has been chiefly spent there 
have also appeared, you have heard, Sections and and far 
experience goes, there has been equal interest all the sec- 
had when was present very keen but still friendly discussion 
one these burning subjects that concern the treatment Steel. 
Then passed Timber and Cement, and had nothing say; 
but was asked one gentleman—I think was concerned with the 
manufacture cement—if did not use large quantities our 
ships. him used bitu-mastic cement, when used it, and 
used little ever could. hope come the time when 
will use none. know that does not represent the future cement 
engineering generally, but represents what aim ship 
structures, for want carry little can anything that 
does not contribute structural strength, and arrange best 
secure protection and durability under these conditions. 

Now, may say word naval architect, should say that 
who have build the floating structures that have sustain stresses 
arising from conditions that impossible forecast accurately 
measure, look our brothers, the other civil engineers, 
their structures the solid earth, with something like envy. you 
gentlemen had float some the things that you build, they would 
very different from are. (Laughter and Applause.) And 
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when look about, often, and see what ample margins 
quite reasonably provided, sometimes wish that the density sea 
water was greater than was made be. 

And then want say word about one allusion which 
Mr. Moore, modes transit. strikes me, you know, that 
has perhaps made that cannot substantiated. said that the 
reason they finished quickly his Section was that railways were 
most rapid mode transit. believe that that correctly represents his 
statement. Now Iam going take exception that. you know 
that ships are crossing the Atlantic this date nearly great 
average speed any train crosses the American Continent—and they 
are going uphill all the time? Not and with the engine 
having easy time when going down gradient no, collar work 
all the time; and sometimes when have been sea and felt the tremor 
the engine forced the vessel through the waves, hasseemed 
the ship was almost sentient thing. Gentlemen, are all apt 
proud the particular work with which ure concerned, but 
you remember that, things well, about two years there 
will afloat upon the Atlantic, ships with which Iam personally con- 
cerned which are cross mean speed twenty-nine statute miles 
down-hill rate going, but let consider the average, and while 
admire all that can done railroads, not let think that. 
transit water yet played out, for not. 

Now, Ladies and Gentlemen, all good things come end. 
four weeks to-day since landed New York. 
have done and seen such things never before. have made such 
multitudes friends that really sometimes ashamed say 
not recollect them all—not individually, you will understand, going 
from place place, being everywhere received with kindness and with 
such generous hospitality, being treated princely fashion; car- 
ried over enormous distances and shown great works rapid succes- 
sion; you will understand that one has only general impression 
remaining—a general impression such kindness can never 
forgotten. 

Well, friends are gone—and (Here Sir Will- 
iam showed evidences emotion.) say, shall never 
forget this visit, will never forget your kindness. (Applause.) 

GENERAL CRAIGHILL, Am. Soo. E.—Mr. Chair- 
man, can say just one word? sure that will never forget Sir 
William White. (Applause.) 

Hermany: Gentlemen, will continue our concluding 
proceedings calling upon the foreign gentlemen who are members 
this Congress make such addresses this occasion they may 
feel inclined and moved the occasion do. 
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cannot call them name, but will glad hear from any 
foreign member the Congress who desires address this assembly. 

Mr. President, Ladies and Gentlemen: 
During the holding this International Congress, quite number 
countries have been represented general meetings, but yet 
there one country that has not been represented. are here, 
handful engineers, from which has largely contributed 
the development this Louisiana Purchase Territory sending 
hundreds and thousands workers toil and break ground. 
refer Sweden. (Applause.) 

are not here representatives those workers. are here 
representing the leading Swedish Society Engineers, and wish 
thank the members the American Society Civil Engineers, and 
the Managers, for their kindness extending invitation us. 

have attended the meetings with great interest, assure you. 
regretted that papers were presented the Congress 
originally from our country, for our specialists, for reasons 
known themselves, have omitted send any papers; but can 
assure you that that not due any lack interest their 
Distance may have had something with it, well the fact 
that Sweden located somewhat out the way the main thorough- 
fares the commerce the world; but engineering Sweden 
going lively pace, equal that this country. are de- 
veloping our manufactures. Everybody knows the high quality our 
iron and steel. 

are developing our railroads. have extended our railroads 
through the northernmost parts our country, and you can now 
travel from the south Sweden away the Midnight Sun Lap- 
land, very comfortable rate. 

have Sweden something that you have not anywhere else 
the world; have institution that rewards inventors and 
scientists, regardless their nationality, for their achievements for 
the benefit mankind. refer the Institute Nobel. 

say,I regret that Swedish experience has not been more 
largely represented this Congress, but hope that the inter- 
national work these Congresses goes there will more intim- 
ate intercourse between the Swedish and the American engineering 
societies. has been suggested previous Congresses that there 
should formed international engineering society, and there were 
people who worked very hard bring this about, but suppose the 
idea, like many bright ideas, was premature. Yet 
may realized, and there may other ideas realized before that, 
perhaps some international engineering journal, something that. 
effect, that might bind the engineers all nations together. 

may that perhaps some future time this International Engi- 


Royal Patent Office, Stockholm, Sweden. 
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neering Congress may deem expedient convene our beautiful capi- 
tal Sweden; and you that should happen any time, 
before that timeif any members this American Society Civil En- 
giners should find their way Sweden and wish study any our 
engineering works, just call your Secretary, Mr. Hunt, for our ap- 
dress Stockholm, and guess will find means put you straight 
and show you something, and you will more than cordially welcome. 

representative from Switzerland pres- 
ent. Will the gentleman have the kindness address this meeting 

Mr. Zurich, Switzerland.—As member the 
International Engineering Congress, want thank the American So- 
ciety Civil Engineers for organizing this Congress, and state 
belief that there has not been any other great technical congress or- 
ganized without the support the State and initiated private so- 
ciety such this; and must felicitate the Society, its President, and 
Secretary, for the complete success that has attended their efforts. 
This Congress will give every engineer many new ideas with respect 
the science civil engineering. conclusion, can only add 
tribute that which was offered Sir William White his remarks 
this morning. 

the gentleman from Austria address 
the meeting? 

Mr. ScHonBERGER, Vienna, Austria.—Mr. Chairman, Ladies 
and Gentlemen: When started from Europe attend this meeting 
expected find great many the Austrian engineers the Con- 
gress; but the time was not very convenient for them and therefore 
have met only very few here. Since arrival America, during 
these few weeks, have seen and learned much and have enjoyed 
much hospitality, and formed many friendships, that sure that 
the Austrian engineers will greatly regret that they did not come 
great numbers. the name the few who attended thank the 
American Society Civil Engineers for their hospitality, and hope 
and believe that when your members the members 
the Austrian Society Engineers and Architects will extend you 
the same reception that has been given here, which has been most 
cordial and 


PRESIDENT will now hope hear from Mr. Bach- 
metew, Russia. 

Mr. St. Petersburg, Russia.—Mr. Chairman, Ladies 
and Gentlemen: several minutes the Congress will closed and 
the engineers from all the world who have convened here for about 
week will back respective countries. During the past week 
they have discussed many subjects great engineering interests. 
They have not only looked ten years back, but was well expressed 


the chairman the Mechanical Section, Mr. Haines, they have 
looked forward. 
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sure that these engineers all countries who are going 
return their homes will take with them, not only that interest which 
has come them members the Engineering Congress, but 
quite sure that they will take with them, and will express their 
friends, the engineers their own countries, sense the sincerity 
and great hospitality that they have received here from their American 
confréres, especially those represented the American Society 
Civil Engineers. 

Hermany. —May now hear from the representative 
from Holland? 

Mr. van President, Ladies and Gentlemen: 
speak few words testimony the services that country has 
rendered the engineering profession general; for instance, 
made our dikes and effected our land reclamation even before America 
was discovered. Our irrigation and our reclamation societies are 
old the oldest communities Europe, and that means that have 
had engineering experience some centuries. 

But now here your country, and have been received 
the American engineers with cordiality that will never forget, and 
only regret that have not been present every session this 
International Engineering Congress. The reason that have not 
because have been admiring your railway system between California 
and St. Louis, having been detained wash-out that held back 
four days. that account has required more time make the 
trip from San Francisco St. Louis than would take from 
Holland New York. 

want say that you have quite different system building 
railways the West than prevails the East. believe that you 
make your railways simple possible; and you ought 
raise money from your railways, and from the money that you raise 
you ought improve them. You have business-like system 
building railways, and the same kind business-like system the 
building dikes California. We, however, Europe, not look 
much after the business part, least are not money-making. 
build our dikes for eternity. (Applause.) And the same man- 
ner that build our dikes, build our railways. would advise 
you also follow our example and build also for eternity. For 
your country new, but will last for eternity, and therefore you 
should build your railways and engineering works for eternity. 

What saw America, what saw California, what have seen 
this great World’s Fair, and what have seen the American 
Society Civil Engineers, had never supposed existed the world. 


Generai Secretary the Royal Institution Netherlands, Engineers, The 
Holland. 


4 
ae 
\ 
: 
j 
q 
q 
x 


452 INTERNATIONAL ENGINEERING CONGRESS. [Society 


When our engineers neglect visit America sure that they know 
only portion the engineering business, and that very small por- 
ion—a very small portion. (Applause.) 

Now Ladies and Gentlemen, want say that when your people 
come over Europe, when your engineers come Europe, you go, 
course, Germany, you England, you France; and 
when you come Holland you see only the old pictures, you see the 
evidence the so-called Golden Century our People; but venture 
say that are not yet are still alive engineering people. 
(Applause. 

true that art fine thing, but industry and engineering 
business, proud say, are alive Holland, and for that reason 
when you come Holland not forget the Royal Institution 
Netherlands Engineers, which the Secretary-General. You 
can find office all sorts things, and can advise you, you 
want see very interesting things small country. 

will pleased hear from Mr. 
Shima, New York City, representing Japan. 

Mr. New York City.—Mr. President, Ladies and 
men: have never before been interested and pleased attending 
such big society engineers from all parts the world. the 
engineer the government railways Japan and very much in- 
terested American railroad methods. have been nearly one year 
this country studying along that line, and have been this meet- 
ing interested and happy never before life. 

You know country small, having only ten thousand square 
area and also narrow. 

The railway system poor, but have three parallel lines along 
the island. many the engineers would interested vis- 
iting country and inspecting our little system. have dining 
cars, sleeping cars and just the same system America. have 
docks and large harbors. have water-works and other engineering 
works that would interest visitors. are, now, you know, under 
difficulties any time during the twenty-five hundred years 
since our foundation; but are trying push our railway engineer- 
ing works energetically before our difficult war. wish express 
best wishes for the future prosperity the American Society 
Civil Engineers. 

distinguished guest, Sir William White, 
desires say word adieu. will his own admirable 
way. 

want say good-bye. Perhaps England may meet many 
again. did our best welcome you before. This Congress proves 


that you valued our feeble attempt, and hope that you will come 


again. say not ‘‘Good-bye,” but revoir.” 
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there other gentlemen present who de- 
sire address the meeting? have not France. 
there not gentleman from that country who desires address us? 
(There was response. 

President Hermany then continued: 

Ladies and Gentlemen, the close this session the General 
International Engineering Congress, would say that, judging from 
the character the addresses have listened this morning, one 
might reasonably have some doubt whether this opening 
closing session. Judging from the extraordinary interest manifested 
and the number persons present, the same interest unmistakably 
evident now upon the first morning this week when assembled 
here. Iam constrained say, after having looked into the counten- 
ances the then, and now again looking into your counten- 
ances, see depth interest that bespeaks devotion the cause 
profession engineering that may say evidenced not single 
passive brain this assembly. 

There not countenance here that exhibits the slightest degree 
inertness. This has never been privilege have witnessed 
before, upon this occasion, and was manifest upon the first 
morning our assembly. 

closing this Second International Congress held American 
soil there remains but little say. Much has been said the point. 
The success—the eminent success, which has attained matter 
for rejoicing and congratulation all. 

perhaps little bold say it, but from viewpoint and 
from intercourse with members attending this Congress, feel 
saying, that when its work shall have been compiled and 
published will establish the fact that the work accomplished here 
will not rank second that any preceding International Engineer- 
ing Congress. 

therefore, heartily congratulate you upon the work that has 
been done here. was said the opening address Monday, the 
acquisition the Louisiana Territory peaceful diplomacy finds 
most remarkable expression this grand exposition, the centennial 
commemoration that event—the grandest centennial the world has 
ever had. 

The acquisition this territory formed epoch our national 
history. venturing too far say that this International En- 
gineering Congress will prove epoch American engineer- 
ing? 

now time speak the final word. With kindest regrets and 
warmest friendship, with the greatest good will you all, now, 
the name the American Society Engineers, adjourn this 
General International Congress. (Applause.) 
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The assemblage was now about disperse, but was invited re- 
main few moments, Secretary Hunt, order hear announce- 
ment from Mr. Corthell. 

thought that ought make the explanation; the request 
the Chairman the Board United States Representatives the 
International Navigation Congress, General Raymond, wish call 
your attention the fact that next September, 1905, there will 
held Milan, Italy, International Navigation Congress. 

have sent every member the American Society Civil En- 
gineers and also about one hundred Associate Members the Propa- 
ganda, call it, our Board. The Secretary the Milan Con- 
gress has sent from Milan about 200 the programmes that 
Congress English, and any member interested that Interna- 
tional Navigation Congress will write No. Nassau Street, 
New York City, have about 150 these programmes left, which 
will very glad send anyone. 


Thereupon the International Engineering Congress adjourned sine 
die. 


[Society 
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The following correspondence was presented the Board Direc- 
tion the American Society Civil Engineers, November Ist, 1904, 
and here printed special order the Board. 


INTERNATIONAL ENGINEERING CONGRESS, 
COMMITTEE CHARGE. 
Mo., October 7th, 1904. 
CHARLES WARREN 
Sec., Int. Engineering Congress. 

with great pleasure that enclose copy the resolution 
this day unanimously adopted the Committee Charge. and 
trust that may permitted add, from personal acquaintance 
with the matter, that your unflagging zeal and executive 
ability that the acknowledged success the International Engineer- 
ing Congress mainly due. 

Very sincerely yours, 
Chairman.” 


INTERNATIONAL ENGINEERING CONGRESS, 

Mo., October 7th, 1904. 

Sec., American Society Civil Engineers. 

meeting the Committee Charge the International 
Engineering Congress held this day the Administration Building, 
Louisiana Purchase Exposition, the following resolutions were 
unanimously adopted: 

That the sense the Committee Charge the 
International Engineering Congress that warm thanks should given 
our Secretary, Mr. Chas. Warren Hunt, for the successful outcome 
which mainly due his ability the arrangement and execution 
the manifold details preparation for the Congress and for the 
unusual labor imposed the performance this important extra 
and special duty. 

Resolved, That copy this resolution furnished the 
Board Direction the American Society Civil Engineers, with 
the hope that the membership the Society general may 
appraised the value Mr. Hunt’s services this connection. 

truly yours, 
Chairman.” 
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ANNOUNCEMENTS. 


every day, except Sundays, Fourth July, Thanksgiving Day and 
Christmas Day. 


MEETINGS. 


Wednesday, December 7th, 1904.—8.30 business 
meeting will held. Ballots for membership will canvassed, and 
paper, entitled Probable Wind Pressure Involved the Wreck 
the High Bridge over the Mississippi River, Smith Avenue, St. 
Paul, Minn., August 20th, 1904,” Turner, Am. Soc. 
E., will presented for discussion. 

This paper printed this number Proceedings. 


Wednesday, December 21st, 1904.—At this meeting paper, en- 
titled Reclamation River Deltas,” Francis Baron, 
Am. E., will presented for discussion. 

This paper printed this number Proceedings. 


UNIVERSAL EXPOSITION, ST. LOUIS, 1904. 


The Society has undertaken provide for engineering exhibit 
and the establishment Headquarters for visiting engineers the 
the Liberal Arts Building, and the Board Direction has 
appropriated sufficient funds defray the necessary expense. 

This matter the hands the following committee: 

Am. Soc. E., St. Louis, Mo., Chairman. 


PRIVILEGES LOCAL SOCIETIES EXTENDED MEMBERS 
THE AMERICAN SOCIETY CIVIL ENGINEERS. 


The Boston Society Civil Engineers will welcome any member 
the American Society Civil Engineers its library and reading 
room, 517 Tremont Temple, Boston, which open week days from 
p.m. Members will also welcome the meetings, 
which are held the same building, the evenings the fourth 
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Wednesday January, and the third Wednesdays other months, 
except July and August. 

The rooms the St. Louis Engineers’ Club, the business center 
St. Louis, will kept open during the World’s Fair season, May 
December 1904, and visiting engineers are cordially invited 
use them for mail, telephone service, information, etc. 

The courtesies the Engineers’ Society Western Pennsylvania 
been extended members the American Society Civil En- 
The rooms the Society, 410 Penn Ave., Pittsburg, Pa., 
are open all times, and meetings are held follows, except during 
July and August. Third Tuesdays; 
Thursdays following third Tuesdays; 
first Tuesdays; Fourth Tuesdays. 

The Western Society Engineers, Monadnock Block, Chicago, 
tenders members this Society the use its rooms and 
facilities, together with the good offices its Secretary and 

special committee appointed for that purpose. 

The Civil Engineers’ Club Cleveland, Ohio, invites members 
this Society make use the Club rooms, any time when 
‘Cleveland. Cards will furnished application the Secretary, 
Mr. Beardsley. 


SEARCHES THE LIBRARY. 


January, 1902, the Secretary was authorized make searches 
the Library, upon request, and charge therefor the actual cost 
the Society for the extra work required. Since that time many such 
searches have been made, and bibliographies and other information 
special subjects furnished. 

The resulting satisfaction, the members who have made use 
the resources the Society this manner, has been expressed 
frequently, and leaves little doubt that, were generally known 
the membership that such work would undertaken, many would 
themselves it. 

The cost trifling, compared with the value the time 
who looks such matters himself, and the work can per- 
formed quite well, and much more quickly, persons familiar 
with the Library. 

Copies all lists references are filed, that many cases 
necessary make typewritten copy, which reduces the cost 
searches minimum. 

asking that such work undertaken, members should specify 
the subject covered, and whether references general 
books only are desired, whether complete bibliography, involv- 
ing search through periodical literature, desired. 
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ACCESSIONS THE LIBRARY. 
October 12th 1904. 


BRITISH SEWAGE WORKS. 


And Notes the Sewage Farms Paris and Two German 
Works. Baker. Cloth, 9x6 in., 146 pp. New York, 
The Engineering News Publishing Co., 1904. $2. 


The introduction says: the early history American works for the treatment 
sewage, Engineering News commissioned the writer prepare series articles 
Purification Some ten years having elapsed, during which many 
new, least modifications old, methods had come the front, particularly 
Great Britain, the writer seized opportunity, afforded News, visit 
representative British sewage works, and meet leading British experts sewage 
disposal. Twenty-four British sewage works were visited. They include examples 
both old and new methods treatment and large and small works. Aside from five 
sewage farms and three chemical precipitation plants, the works combine two more 
methods treatment and are not easily classified. The readiest and perhaps the most 
basis classification for the sixteen combined works the final 
method treatment employed. Using this, have eleven works with contact beds 
and five with percolating filters. The Contents the book are: Part Works Employ- 
ing Contact Beds for Final Treatment.—Part Works Employing Percolating Filters: 
for Treatment.—Part III, Sewage Chemical Precipitation 
contains descriptions German and French plants, and Appendix 
definitions and descriptions sewage treatment for the convenience any readers not 
familiar with the processes now use. the index the places are grouped alphabet- 
ically under the processes. 


EARTH DAMS: STUDY. 


York, Engineering News Publishing Company, 1904. $1. (Donated 
the author.) 


The author states that the literature upon the subject earth dams voluminous, 
but much inaccessible and far from satisfactory. will made here 
coliate this literature, give history the construction earth dams; the 
object will rather present such study will make clear the application the 
principles underlying the proper design and erection this class structures. 
Appendix contains bibliography the subject; and there index two pages. 


UNTECHNICAL ADDRESSES TECHNICAL SUBJECTS. 


James Douglas. Cloth, in., pp. New York, John 
Wiley Sons, 1904. $1. 


These addresses, former President the American Institute Mining Engi- 
neers, were given different occasions, such the California meeting the 
September, 1899; before the School Mines and Metallurgy the University Mis- 
souri, May 30th, 1901; and before the Michigan College School Mines, April 22d, 1904. 
reprinting them, omissions are made occasionally avoid repetition. other 
cases, order bring the information date amplify the subject. consider- 
able additions are interpolated; but these are enclosed brackets. The Contents are: 
The Characteristics and Conditions the Progress the Nineteenth Cen- 
tury; The Development American Mining and Metallurgy, and the Equipments 
Training School; Mining and Metallurgy. 


CEMENTS, MORTARS AND CONCRETES: THEIR PHYSICAL PROPERTIES. 


pp. New York, Clark, 1904. $2.50. (Donated the author.) 


The ace states that the purpose this treatise has been set forth concisely 
possible the physical properties cement mixtures, with principal 
reference those properties which concern the engineer. The results investigations 
made upon these materials have been examined with great care, and has been the 
author’s object abstract, classify and summarize all the reliable data extant, filling 
certain gaps with data hisown. The following headings outline, for the greater 


Unless otherwise specified, books this list have been donated the publishers. 
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part, the scope the work: General Physical Properties: Changes Volume when 
etting; Coetticient Expansion Due Temperature Changes; The Action Sea 
Water and Salt; Porosity and Permeability; Effect Freezing; Adhesion Iron Rods 
Cement Mixtures; Fatigue Cement Mixtures; General Elastic Properties: Tensile 
Properties; Coefficient Elasticity; Elastic Limit; Ultimate Resist- 
ance; Flexure Properties; Coefficient Elasticity; Modulus Shearing 
Resistance. report committee the American Society Civil Engineers 
uniform tests cement given Appendix and the Constitution Portland 
Cement, Clifford Richardson, Appendix II. There index subjects and one 
authors, together covering six pages. 


THE FIELD PRACTICE RAILWAY LOCATION. 


New York, Engineering News Publishing Company, 1904. 


stated the preface that the object this book isto record the methods com- 
monly used American engineers the West the location railroads built since the 
war. The writer not aware any similar book The book primarily 
for chiefs party, for engineers obliged make their first location, and for students. 
much economics, traffic, transportation, topography, geology and the locomotive 
embraced those who use will probably have time consider. This 
book for the instruction the inexperienced this kind field work, and made 
and consecutive the statement practical routine possible. attempt 

been made exhaust the economic phases the subject. possi- 
ble, each chapter contains all the information needed for that part the work. The 
economic units and the principles established the late Wellington his valu- 
able book, Economic Theory the Location are here used and 
referred chapter and section each case. There index two pages. 


REINFORCED CONCRETE. 


Part Methods Calculation. Buel. Part II, 
sentative Structures. Part III, Methods Construction. 


Hill. Cloth, 6in., 434 pp. New York, Engineering News Pub- 
lishing Company, 1904. $5.00. 


stated the preface that preparing this book the authors have had mind 

treatise for designing and constructing engineers following American practice and 
the conditions which prevail America. discussions have 
een omittec, and their place have been supplied practical working formulas, ex- 
amples representative structures, and records actual practice the selection 
materials and methods workmanship and construction. For convenience classi- 
fication the book divided into three parts sections. given working 
formulas for the calculation all classes structures reinforced concrete and such 
facts about the properties concrete and steei are necessary developing econom- 
ical engineering designs. Part contains illustrations and descriptions large 
number representative structures reinforced concrete. These record actual prac- 
tice design and show the adaptability the new material various types and forms 
structures. Materials, workmanship and methods construction are considered 
Part LII and are illustrated numerous examples from actual practice. this part 
especial attention given the construction and forms for concrete work 


and methods facing and finishing exposed concrete surfaces. There index 
six pages. 


NOTES HYDROLOGY; 


And the Application its Laws the Problems Hydraulic 
Chicago, 1904. (Donated the author.) 


These notes are intended the author form the basis for introductory study 
the fundamental phenomena Hydrology, which the applied science Hy- 
draulic Engineering should based. The volume literature covering many the 
various branches this subject very great. Unfortunately, however, there 
single treatise which discusses the entire subject, and which can utilized text- 
book, reference book, which the student may turn when investigating the various 
branches this science, The lack such work reason for the preparation 
these notes, which are intended used connection with various publications 
which references are given. The principles and laws Hydrology must, necessity, 
almost entirely extended and observations, consequently 


the writer has utilized the observations available from great many sources, and for 
long periods time. 
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THE BUILDING ESTIMATOR. 


William Arthur. Cloth, 150 pp. Omaha, Neb. (Will- 
iam Arthur), 1904. $1.50. (Donated the author.) 


The first part the book gives approximate estimating for architects, engineers, 
etc., and methods showing how obtain the value buildings. Several pages per- 
centages are also given for residences, warehouses, stores and flats, schools, manu- 
facturing and business buildings. The percentage excavation, mason work, lumber, 
mill work, glass, carpenter labor, paint, hardware, tin, slate, plumbing, etc., given 
under each class, and from six twelve examples are used from actual bids put 
work done. There two-paged index. 


CARBURATION COMBUSTION DANS LES MOTEURS ALCOOL. 


Sorel. in., 280 pp. Paris, Vve. Ch. Dunod, 
1904. Paper, francs; boards, francs 50. 


Much has been said for and against the using alcohol motors. Its partisans 
declare that can substituted for light forms petroleum any kind motor, 
without disagreeable odor smoke being perceptible. Its opponents accuse 
producing acids attacking the cylinders and suction-valves. author says that 
these eulogies and reproaches are without foundation; depends upon the circum- 
stances using and the manner mingling the air and the combustible. this new 
work the author aims show the conditions that are necessary and sufficient. 


ETUDE THEORIQUE PRATIQUE SUR VAPORISATION. 


Méthode pour Augmenter Considérablement Rendement des 
Générateurs Vapeur. Par Wickersheimer. Paper, 10x in., 
pp. Paris, Vve. Ch. Dunod, 1904. 50. 


The author has attempted, this study, show new method for considerably 
creasing the efficiency boilers. this way aims economise large proportion 
the fuel without hurting the metalin the least with the heat and even preserving 
from harm. The first part the work consists theoretical considerations and 
laboratory practice; the second relates industrial experience made order 
the Bez method. 


ETUDE THEORIQUE DES ALLIAGES METALLIQUES. 


Par Léon Guillet. Paper, 6in., 232 pp. Paris, Vve. Ch. 
Eunod, 1904. 50. 


stated the preface that recent researches alloys have shown that their 
physical, chemical and mechanical properties depend the state which the differ- 
ent metals entering into their composition The author’s aim study the 
different methods which this knowledge acquired; show what has been already 
accomplished; and write the different alloys used manufacturing. This volume 
devoted essentially the author has repeated here the law the 
which the theory alloys undoubtedly depend; the following chapters has studied 
all methods leading the clearing products. Each chapter has 
three divisions: the principle; 2d, the methods; 3d, the examples. The examples are 
important work connected with the names MM. Chatelier, Osmond 
and Hadfield. 


ROCK EXCAVATION. 


Methods and Cost. Halbert Powers Gillette, Am. 
(Donated the author.) 


The author says that, while the scope the book wider than first sight appears 
desirable, since includes quarrying, open-cut excavation, trenching. subaqueous ex- 
cavation, tunneling and under-ground excavation, still should remembered that 
the main elements cost are much the same quality, and that the differences are 
principally those quantity. Thus may require eight feet drill hole per cubic 
yard tunnel excavation compared with half foot for open cut work. cost 
drilling per cubic yard obviously much greater the tunnel the open cut, 
but the methods drilling and the cost per foot drill hole may practically inden- 
tical. There indeed much common all classes rock excavation spite 
many detailed differences. The Chapter Headings are: Rocks and Their 
Methods and Cost Hand Machine and Their Use; Steam and Compressed 
Air Plants; The Cost Machine Drilling; Cost Diamond Drilling; Explosives; Charg- 
ing and Firing; Methods Blasting; Cost Loading and Rocks; Quarr 
ing Stone; Open Cut Excavation; Methods the Chicago Drainage Canal 


Cost Trenches and Subways; Subaqueous Excavation; Cost 
six pages. 


Cost Drifting; Shaft Sinking and Stoping. The book contains index 
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Gifts have also been received from the following: 


Am. Master Mechanics’ Assoc. bd. 


Brit. Fire Prevention Comm. 
Buffalo Susquehanna Co. pam. 


pam 
Chicago, Rock Island Pacific Ry. Co. 


pam. 

City Record. vol. 

Cohen, Mendes. 

Davis, 

Dunod, Vve. Ch. vol. 

Eno, 

Fisk, 

Georgia Florida Ry. Co. 


Mass.—City Council. bd. 


Great Northern Ry. Co. pam. 
Earthquake Investigation Comm. 
pam. 

Inst. Civ. Engrs. vol. 

Inst. Marine bd. vol. 

Iowa Eng. Soc. 

Danzig. 

McGill Univ. vol. 

Madras, India—Pub. Works Dept. 


pam. 


Mich. Board of. bd. vol. 
Milwaukee—Board Pub. Works. vol. 
Miss. Wire Glass Co. vol. 


Montreal—City Council. bd. vol. 
New York—Dept. Health. bd. vol. 
New Engr. and Surv. bd. 


York Central Hudson River 


North-East Coast Engrs. 


builders. bd. vol. 
Northern Pacific Ry. Co. 
for Rys. vol. 
eading—Board Water Commrs. 


vol. 

Reading Co, 

Soc. Belge des Ingénieurs des Indus- 
triels. 

South Australia.—Rys. Commr. pam. 

Toledo, St. Louis Western R.Co. 

Toronto—Provincial Board Health. 


Union Pacific Co. pam. 


Victoria—Melbourne and Met. Board 
Works Engr.-in-Chf. 

Western Ry. Ala. 

Wis. Central Ry. Co. 


PURCHASE. 


Text Book Static Electricity. Hobart Mason. New 


York, McGraw Publishing Company, 1904. 


Refuse Disposal and Power Production. Fancis Goodrich. 


New York, Dutton. 


Scientific American Reference Book. Compiled Albert 
Hopkins and Russell Bond. New York, Munn Company, 1905. 


SUMMARY ACCESSIONS. 
October 12th November 7th, 1904. 
Donations (including duplicates)................... 188 
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ADDITIONS. 
Date 
Membership. 
ALMIRALL, Archt., Chambers St., New 


Cous. Engr., Wall St., New 


1904 
Woodland Hills Ave.), Cleveland, Ohio... 1608 
CHAMBERLIN, Div. Engr., Tex. Pac. 

Broadway, New York City. Oct. 1904 
THompson. First Asst. Engr., Mar. 1894 

Sewerage, Sewerage and Water Board, 602 Assoc. Feb. 1899 

Carondelet St., New Orleans, Sept. 1904 


Forp, 200 Montague St., Oct. 1904 
James. Chf. Asst. Engr., North River Div., 


Tunnels, West 34th St., New York Oct. 1904 
Fort, Epwin Dept. Highways, Assoc. April 1896 
ipal Bldg., Brooklyn, Y...... Nov. 1904 
James 1106 The Rookery, Chicago, Oct. 1904 


Harpy, Dana. 3107 Eleventh St., W., 
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[Society 


MONTHLY LIST RECENT ENGINEERING ARTICLES 
INTEREST. 
(October 11th November 5th, 1904.) 


This list published for the purpose placing before 
the Society the titles current engineering articles, which can referred 
any available engineering library, can procured addressing 


the publication directly, 
possible. 


the address and price being given wherever 


LIST PUBLICATIONS. 
the subjoined list articles references are given the number pre- 


fixed each this list. 


(1) Journal, Assoc. Eng. Soc., 257 South 
Fourth St.,Philadelphia, Pa., 

(2) Proceedings, Club Phila., 
1122 Girard St., Philadelphia, Pa. 

(3) Journal, Franklin Inst., Philadel- 
phia, Pa., 50c. 

(4) Journal, Western Soc. Engrs., Mo- 
nadnock Block, Chicago, 

(5) Transactions, Can. Soc. E., Mon- 
treal, Que., Canada. 

School Mines Quarterly, Columbia 
Univ., New York City, 50c. 

(7) Technology Quarterly, Mass. 


Inst. 
ech., Boston, Mass., 75c. 


(8) Stevens Institute Indicator, Stevens 


Inst., Hoboken, J., 50c. 
(9) Engineering Magazine, New York 
City, 
(10) Magazine, New York City, 


(11) Engineering (London), Wiley, 
New York City, 25c. 
(12) The Engineer (London), International 
News Co., New York City, 35c. 
(13) News, New York City, 


(14) The Engineering Record, New York 
City, 


(18) Gazette, New York City, 


(16) Engineering and Mining Journal, 
New York City, 15c. 

(17) Street Railway Journal, New York 
City, 35c. 

(18) Railway and Engineering Review, 
Chicago, 

(19) Scientific American Supplement, New 
York City, 

(20) Iron Age, New York City, 

(a1) London, Eng- 
land, 25c. 

Iron and Coal Trades Review, Lon- 
don, England, 25c. 

(23) Bulletin, American Iron and Steel 
Assoc., Philadelphia, Pa. 

(24) American Gas Light Journal, New 
York City, 10c. 

Engineer, New York City, 


(26) Electrical Review, London, England. 

(27) Electrical World and Engineer, New 
York City, 

(28) Journal, New England Water-Works 
Assoc., Boston, $1. 

(29) Journal, Society Arts, London, 
England, 15c. 

(30) Annales des Travaux Publics 
Belgique, Brussels, Belgium. 

(31) Annales del’ Assoc. des Ing. Sortis 
des Ecole Spéciales Gand, Brus- 
sels, Belgium. 

(32) Mémoires Compte Rendu des Tra- 
Soc. Ing. Civ. France, 
Paris, France. 

(33) Génie Civil,, Paris, France. 

(34) Portefeuille des Ma- 
chines, Paris, France. 


(35) Nouvelles Annales Construc 
tion, Paris, France. 

Revue Technique, Paris, 

Revue Mécanique, Paris, 

Revue Générale des Chemins Fer 

des Tramways, Paris, France. 

Master Mechanic, Chicago, 

Railway Age, Chicago, 

Modern 

Transactions, Elec. Engrs., 
New York City, 50c. 

(43) Ponts Chaussées, 
Paris, France. 

(44) Journal, Military 
tion, Governor’s Island, New York 
Harbor, 50c. 

(48) and Minerals, Scranton, Pa., 


(46) Scientific American, New York City, 
(47) Mechanical Engineer, Manchester, 
Englan 


(54) Transactions, Am. Soc. E., New 
York City, $5. 

Transactions, Am. Soc. E., New 
York City, $10. 

(56) Transactions, Am. Inst. Min. Engrs., 
New York City, $5. 

(57) Colliery Guardian, London, England. 

(58) Proceedings, Eng. Soc. Pa., 410 
Penn Ave., Pittsburg, Pa., 50c. 

(59) Transactions, Mining Inst. Scot- 
land, London and Newcastle-upon- 
Tyne, England. 

(60) Municipal Engineering, 


Indianap- 
olis, Ind., 25c. 


(61) Proceedings, Western Railway Club, 


225 Dearborn St., Chicago, 

(62) American Manufacturer and Iron 
World, Ninth St., Pittsburg, Pa. 

(63) Minutes Proceedings, Inst. 
London, England. 

(64) Power, New York City, 20c 

(65) Official Proceedings, New York Rail- 
road Club, Brooklyn, Y., 

(66) Journal Gas Lighting, London, 
England, 15c. 

(67) Cement and Engineering News, Chi- 
cago, 25c. 

(68) Mining Journal, London, England. 

(69) Mill Owners, New York City, 10c. 

(70) Review, New York City, 


(71) Journal, and London, 
England. 

(72) Street Railway Review, Chicago, 30c. 

(73) Electrician, London, England, 

(74) Transactions, Inst. Min. and 
Metal., London, England. 

(75) Proceedings, Inst. Mech. Engrs., 
London, England. 

(76) Brick, Chicago, 10c. 

(77) Journal, Inst. Elec. Engrs., London, 
England. 
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LIST ARTICLES. 
Bridge. 


North-West Miramichi Bridge, Newcastle, B.* Bush. (5) 

The Economy Various Typesof Highway Bridges. Wing. (Paper 
read before the Technical Soc. the Pacific Coast.) (1) Sept. 

Skew Bridge Armoured Concrete.* (12) Oct. 

Special Floor System for Deck Bridge.* (14) Oct. 15. 

The Ticonic Foot Bridge, Waterville, Me.* (14) Oct. 15. 

Method for Stresses Three-Hinged Arches.* Balet. (13) 


20. 

Travelers for Steel Spans. (Committee Rept. the Assoc Ry. Supts. Bridges and 
Buildings.) (40) Oct. 21; (13) Oct. 27; Oct. 28. 

Highway Bridge Floorbeam Connection.* (14) Oct. 22. 

The Care Railroad Trestles While Being Filled. (Committee Rept. the Assoc. 
and Buildings.) (14) Oct. 22; (13) Oct. 27; Oct. 28; Ab- 
stract (40) Oct. 21. 

Forest Park Bridge the Wabash St. Louis.* Cunningham, Am. Soc. 
Oct. 28; (14) Nov. 

Concrete Bridges the St. Louis San Francisco Ry.* (13) Nov. 

The Bellows Falls Highway Bridge.* (14) Nov. 

Construction Economique des Ponts Pierre: Deux Ponts Minces Chaque 
Téte Portant Plancher Béton Armé: Ponts Luxembourg Toulouse.* 
Séjourné. (38) Oct. 

Chargées Bout, Brides Paralléles non Vierendeel. 

30) Oct. 

Nouvelle Détermination des Efforts dans les Poutres Droites Travées 
Continues.* Farid Boulad. (33) Oct. 

Pont Suspendu Elisabeth, Bidault des Chaumes. (33) 


Electrical. 


Modern Machine: The Direct Current Motor.* Keith. v.17, 
The Laying the Commercial Pacific Cable. Frank P.Medina. (Paper read before 
the Soc. the Pacific Coast.) (1) 
ept. 
Some Alternators under Various Conditions Load.* Atchison, 
Eddy Currents Solid and Laminated Masses.* Field, (77) Sept. 
Armature Reactions Alternators, with some Notes the Running Synchronous 
Motors.* (77) Sept. 
Alternating-Current Commutator Motors.* F.Creedy. (77) Sept. 
The Telautograph.* James Dixon. (42) Oct. 
20, Oct. 7. 


Simultaneous and Telephony. Joseph Hollos. (Paper read before the In- 
ternational Elec. (73) 


Effects Continuous and Alternating Currénts the Dielectric Strength Insulators.* 

The Budapest Telephone Exchange.* (73) Oct. 

Design Armature Coils.* (47) 

Electricity Supply Willesden.* (73) Oct. 14. 

Recent Wireless Telegraph Patent.* (73) Oct. 14. 

The Design Induction Motors. Press. (26) Oct. 14. 

Direct Current Transmission 000 Volts.* A.Steens. (26) Oct. 14. 

The Present Status the Edison Storage Battery. Kennelly Whiting. 
(Abstract Paper read before the International Elec. Cong.) (73) 

Electrolytic Rectifiers: Experimental Research. Albert Nodon. (73) Oct. 14. 

Steam Turbine Power Plants: Notes their Equipment and Operation.* Bibbins. 
read before the Amer. St. Ry. Assoc.) (17) Oct.15; Abstract (13) Oct. 20. 

The Probiem the Telephone Relay. John Trowbridge. (From The Electrical Review, 
New York). (19) Oct. 15. 

Gas Power Plant for the Morecambe Bay Harbor Works.* (14) Oct. 15. 

Interior Wiring for Telephones. Charles (27) Oct. 15. 

Russian Military Field Operations.* Frank Perkins. (27) 


The Electricity Mercury Vapour.* Wills. (From the Physical 
Review.) (73) Oct. 21. 
Report High-Voltage Transmission (Committee Rept. tothe State St. 
Ry. Assoc.) (73) Oct. 21. 

‘The Lead Voltameter. Anson Edward Kern. (Abstract Paper read 
before the International Elec. Cong.) (73) Oct. 21. 

Rotary Converters and Motor-Generator Sets. Eglin. (Abstract Paper 
read before the International Elec. Cong.) (73) Oct. 21. 

High-Tension Line Construction and Operation. Perrine, Am. 


(Abstract Paper presented before the International Elec.Cong.) (47) Serial be- 
ginning Oct. 22. 
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Electrical—(Continued). 


The Water-Wheel Equipment the Puget Sound Power Company’s Plant.* George 
Henry, Oct. 22. 

The Western Electric Company’s Exhibit, St. Louis.* (27) Oct. 22. 

French Municipal Electrical Plant.* (27) Oct. 22. 

Three-Wire Distribution.* Hardie Jeannin. (27) Oct. 22. 

the Theory the Matthews and the Russell-Léonard Photometers for the Measure- 
ment Mean Spherical and Mean Intensities. Edward Hyde. 
(From Bulletin the Bureau Standards.) (27) Oct. 22. 

Three New Electric Hoists.* (20) Oct. 27. 

The Design Generators for Electric Power Transmission Work.* David Rushmore, 
Am. Inst. (13) Oct. 27. 

Novel Armature Banding Lathe.* (17) Oct. 29. 

The Siemens-Schuckert Continuous-Current Wattmeter.* Emile Guarini. (19) Oct. 29. 

elpherage Plant for Handling Sand. ict. 29. 

Crane Equipment the Missouri River Station, Kansas City, Mo.* (27) Oct. 29. 

Single-Phase Commutator Motors.* (27) Oct. 29. 

for Use Precise Alternating Current Measurements. Geo. Camp- 

ell. (27) 29. 

The Care Storage Batteries. John Howatt. (64) Nov. 

New Albany Shops: New York Central Hudson River 
(25) Nov.; (64) Nov. 

Electrical Progress Canada. George Johnson. (10) Nov. 

Power-House Location.* (64) Nov. 

Control Motors.* Norman Gardner Meade. (64) Nov. 

Production ses Applications. Paul Lévy Salvador. 
35) Serial beginning Oct. 

Telphérage Electrique.* Emile Guarini. (36) Serial beginning Oct. 10. 

Usine General Electric Company (Etats-Unis).* (33) Oct. 22. 

Force Motrice sition Saint-Louis: Installation des Machines Motrices. 
Piaud. (33) Oct. 


Marine. 


Beardmore’s New Shipyard and Engine Works.* (11) Oct. 

The Auxiliary Power Yacht Mollihawk (11) Oct. 

The Effect Torpedo Explosions (on the Sado Maru).* (11) Oct. 

Black (12) Oct. 14. 

Protection Surfaces (on Vessels). Brandon. (Abstract Paper read 
before the Inst. Marine Engrs.) (12) Oct. 21. 

Fast Turkish Protected Cruiser Abdul Hamid.* (19) Oct. 29. 

The Proposed 000-Ton American Battleships. (10) Nov. 

the Great Powers, Study Relative Costs. Hurd. (10) 

ov. 
Mechanical. 


Friction Lubricated Surfaces.* Fred. McKay. 17, 

The Practical Use Extensometers.* (5) 17, 

The Economy Small Gas Engines Using Montreal Gas.* Homer 

The Motion Gases Pipes, and the Use Gauges Determine the Delivery. 
Richard Threlfall. No. 1904. 

Mechanical Flight. Emery Harriman. (Paper read before the Boston Soc. Civil 

Engrs.) (1) Aug. 
Simple Steam Turbine Engines.* John Richards. (Paper read before the Technica 
oc. the Pacific (1) Sept. 

Manufacture and Testing Portland Cement. (Paper read before the 
Technical Soc. the Pacific Coast.) (1) Sept. 

New Process for Utilizing Exhaust Steam. (From Elektrotechnische Rundschau.) 
(70) Oct. 

New System Vacuum Return Line Exhaust Steam Circulation. James Don- 
nelly. (Paper read before The Modern Science Club.) (70) Oct. 

The Mt. Holly Brick and Clay Co., Harrisburg, Pa.* (76) Oct. 

Air Relation Boiler-Feeds.* Jas. (Paper read before the Victorian 
Inst. Engrs.) (11) Oct. 

The Wear Machinery.* (11) Oct. 

Notes the Manufacture Coke. John Bell. (Abstract Paper read before the 
British Soc. Min. Students.) (22) 

Coal-Conveying Plant Manchester Power Station.* (12) Oct. 

ct. 
Petroleum Fuel. Boverton Redwood. (From Report the Royal Commission 

ariety Steam Engines. Serial beginning Oct. 
Mechanically-Made Wadsworth. (Abstract Paper read before the 
Amer. Foundrymen’s Assoc.) (47) Oct. 
The New Foundry the Hilles Jones Company.* (20) Oct. 
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‘The Calorimetry Exhaust Gases.* Hopkinson. (62) Oct. 13. 


Oil and Steam for Power.* Michael ecture before the British Assoc. 
Mers. Textile Works.) (12) Serial beginning Oct. 14; (47) Serial beginning 


Oct. 22. 

Aerial Wire (11) Oct. 14. 

Hardie-Thompson Water-Tube Boiler.* (12) Oct. 14. 

‘Chimney Action. W.H. Booth. (26) Oct. 14. 

‘Small Curtis Turbines. Richard Rice. (Abstract Paper presented before the 
Amer. St. Ry. Assoc.) 14. 

‘Steam Turbine Power Plants: Notes their Equipment and Operation.* Bibbins. 
read before the Amer. St. Ry. Assoc.) (17) Oct. 15; Abstract (13) Oct. 20. 

Steam Turbines.* Richard Rice. (Paper read before the Amer. St. Ry. Assoc.) (14) 
Oct. 15; (17) Oct. 15; Abstract (13) Oct. 20. 

High Speed Chain Driving. (14) Oct. 15. 

Pin-Plate and Rivet Diagram.* (14) Oct. 15. 

Turbines. (27) Oct. 15. 

Gas Power Plant for the Morecambe Bay Harbor Works.* (14) Oct. 15. 

‘The American Diesel Engine.* Meier. (Paper read before the Amer. St. Ry. 
Assoc.) Oct. 15; Abstract (13) Oct. 20. 


New Process for Protecting Iron and Steel from Corrosion.* (20) Oct. 


Flue Gas Testing.* (72) Oct. 20. 

Cable Power Scraper for Earth Excavation.* C.G.Newton. (13) Oct. 20. 

High Pressure Steam Pipe Systems: Being Review and Comparison Late Practice 
the Continent Europe and America.* (72) Oct. 20. 

Reeves Simple Engine.* (72) Oct. 20. 

Suction Gas Producers.* (62) Oct. 20. 

The Pyrodyen Steam Wagon.* (12) Oct. 21. 

Brake Test 400-Kilowatt Westinghouse-Parsons Steam Turbine.* (11) Oct. 21. 

Design High-Speed Enclosed Steam Engines.* (12) Serial beginning Oct. 21. 

Steam Hammers vs. Drop Hammers for Pile Drivers. (Committee Repts. the Assoc. 
Bridges and Buildings.) (40) Oct. 21; (18) Oct. 22; (13) Oct. 27; 
28. 

The Future the Steam Engine. Charnock. (Lecture before the Bradford Eng. 
Soc.) (12) Oct. 21; (47) Oct. 22. 

‘Sewer Trenching and Gas Mains. Smithard. (Abstract Paper read before the 
Eastern Counties Gas Managers’ Assoc.) (14) Oct. 22. 

Air Relation Boiler Feed. Jas. Alex. Smith. (Abstract Paper read before the 
Victorian Inst. Engrs.) (14) Oct. 22. 

Distributing Power Throughout Gas Works Means Electricity Generated 


Point. (Paper read before the Amer. Gas Light Assoc.) (24) 


24. 

Tube Cleaners.* (From The Locomotive.) (62) Oct. 27. 

Preparation Alabama Coal for Coke Making. (Abstract Paper read before the 
Assoc. the South.) (16) Oct. 27. 

The Huber Hydraulic Press the World’s Fair.* (20) Oct. 27. 

Gasoline-Electric Passenger (17) Oct. 

The Liquid Fuel Investigation the Navy Department. (14) Oct. 29. 

Staybolts. J.J.Ewing. before the Richmond Railroad Club.) (18) Oct. 29. 

Oxide Earnshaw. (Paper read before the Amer. Gas Light Assoc.) 
(24) Oct. 81. 

The Generation Steam Waste Heat from Water Gas Sets.* Donald McDonald. 
(Paper read before the Amer. Gas Light Assoc.) (24) Oct. 31. 

Utilization the Waste Heat from Water Gas Sets for the Generation Steam.* 
Macbeth. (Prepared for the Amer. Gas Light Assoc.) (24) Oct. 31. 

Gas Engines Which Did Not Come (to the Louisiana Purchase Exposition).* Peter 
Eyerman. (64) Nov. 

Experiments with Chamber for the Production Hot Working Fluid Used 
the Generation Power.* Wentworth. (64) Nov. 

The Hamilton-Holzwarth Steam Turbine.* (64) Nov. 

Compression Gas Engines.* Massie. (64) Nov. 

Piston Design.* J.F. Nagle. (64) Nov. 

Notes Oil Burners Using Compressed Air. Hume. (64) Nov. 

Strength Riveted Joints. (64) Nov. 

Expansion Joints.* South. (64) Nov 


‘The Testing Steam Engines.* Riall Sankey and Humphrey Wingfield. (9) 


Nov. 

Modern Types Plate Planing Machines.* Frank Perkins. (41) Nov. 

Air Booth. (64) Nov. 

The Adams-Farwell Gasoline Motor.* (41) Nov.; (20) Nov. 

Wright Sensitive (20) Nov. 

The Putnam 32-Inch High Speed Lathe.* (20) 

Richard Rice. (Paper read before the Amer. St. Ry. Assoc.) (62) 
ov. 

The Diesel Engine.* (From Technics.) (19) Nov. 

Electric Welding.* Emile Guarini. (19) Nov. 


2 
‘ 
= 
~ 
2 
q 
q 


| 
4 
4 
4 


CURRENT ENGINEERING LITERATURE. 475 


Mechanical— (Continued). 


The Steam Turbine Operation. Nov. 

Régulation des Turbines Hydrauliques.* Ribourt. (32) July. 

Tubes sans Soudure.* Joubert. (32) July. 

Appareils pour Vapeur son Eau Condensation.* (37) Serial 


Oct. 
Etirer pour Fabrication des Tubes Fer Soudés Rapprochement.* (34) 


ct. 
Note sur les Dispositifs des Joints Entre les Parties Fixes Mobiles des Elévateurs 
pour Bateaux. (30) 


Régulateur Automatique des Chaudiéres Vapeur, Lanne.* 
Michaux. (34) Oct. 

Moteurs Gaz Construits par Société Frangaise Constructions Méchaniques. Ch. 
Dantin. (33) Oct. 


Ore-Handling Plant the Clairton Works the Crucible Steel Chas. 
Wright. (Paper read before the Civil Engineers’ Club Cleveland.) (1) Aug. 

Surface Flow and the Hard and Soft State Metals. (11) Oct. 

Ore Concentration Plant the St. Louis Exhibition.* (11) Oct. 

The Rolling Sections Iron and Steel.* Adolph While. (20) Oct. 13. 

Electric Furnace for Manufacturing Steel.* (47) Oct. 15. 

The Manufacture Steel Castings. Herron. (Abstract Paper read before 
the Ry. Club Pittsburg.) (47) Oct. 15. 

Method for Extracting Moisture from Air for Furnace Converter.* (62) Oct. 


The Chemistry and Metallurgy Copper. Charles Palmer. (16) Serial beginning 
ct. 


The Huntington-Heberlein Process.* Donald Clarke. (16) Oct. 20. 

Ore Treatment the Ivanhoe Mine, Kalgoorlie. Brooke. (16) Oct. 20. 

California Chlorination Plant.* (16) Oct. 20. 

Steel Casting.* Joseph Horner, Mech. (19) Serial be- 
ginning Oct. 22. 

Chlorine Metallurgy. James Swinburne. (Abstract Paper read before the Inter- 
national Elec. Cong.) Oct. 22. 

Chlorination Colorado.* illiam Greenawalt. (16) Oct. 27. 

New Ore-Testing Plant.* (16) Oct. 27. 

The Bradford-Carmichael Process.* Donald Clark. (16) Nov. 

Evaporation Solutions. (16) Nov. 
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PROBABLE WIND PRESSURE 
INVOLVED THE WRECK THE HIGH BRIDGE 
OVER THE RIVER, 

SMITH AVENUE, ST. PAUL, 
AUGUST 20TH, 1904. 


PRESENTED DECEMBER 1904. 


view the fact that the wreck well-braced iron steel 
structure wind exceedingly rare, if, indeed, there isany previous 
record such, the destruction part the so-called High Bridge 
over the Mississippi River Smith Avenue, St. Paul, would seem 
special interest the professional bridge engineer. 

This structure, Plate was designed supposedly meet, 
with reasonable factor safety, the maximum wind loads required 
standard specification; and the utter destruction portion 
wind pressure alone, view this supposed margin safety, 
would lead the presumption that the standard requirements not 
produce safe structure, unless can shown reasonable com- 
putation that there was some weak joint detail the frame which 
sent mail the Secretary. Discussion, either oral written, will published 


subsequent number Proceedings, and, when finally closed, the papers, with 
full, will published Transactions. scussion 
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would insure its destruction under the action forces not materially 
greater than those which, nominally, was designed withstand. 

The structure was built 1887, according general plans pre- 
pared the City Engineering Department St. Paul. Detailed 
drawings were made the Contractor, Strobel, Am. Soc. 
E., and the work was erected Horace Horton, Am. Soc. 

The bridge deck structure wrought iron, 770 ft. long, and 
runs northwest and southeast. The northwest portion the bridge 
the viaduct type, with riveted spans ft. and plate-girder 
tower spans Four-leg towers alternate with two-leg bents. 
The portion the viaduct over the river consists four pin- 
connected deck spans the subdivided Warren type, ft. deep and 
ft. from center center trusses. The floor beams are ft. 
in. centers. The tower supporting the shore end the southeast 
250-ft. span has base ft. transversely, and ft. longitudi- 
nally, and height 129 ft. from the top the pier the bottom 
chord the truss. these trusses were ft. deep, the roadway 
this point was 160 ft. above the pier and about 180 ft. above the water 
From this tower toward the bluff there was one 170-ft. pin span and 
two 60-ft. plate-girder spans. 

These girder spans, the 170-ft. pin span, the supporting tower, and 
the 250-ft. pin span were overthrown, shown Plates XLIII, 
XLIV and XLV. 

The bridge carries 25-ft. roadway and two 8-ft. walks. The 
ing for the roadway consists sub-floor fir plank and 
wearing floor in. thick. The plank for the walks pine. 
The stringers are steel, the roadway nine lines 12-in. built 
stringers; the flanges are each two L’s, with 
webs. for the walks are 6-in. 

The trusses were designed for live load lb. for the roadway 
and for the walks the spans, lb. for the 170-ft. span and 
100 lb. per sq. ft. for all shorter spans. 

The lateral bracing was designed for pressure 450 per lin. 
ft. bridge, two-thirds which was assumed act the loaded 
(upper) chord. The towers and bents were assumed have wind 
pressure 150 Ib. per lin. ft. acting against them. 

addition the top and bottom lateral systems, fairly efficient 
system sway rods was provided the 250-ft. span, and all the de- 
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tails the lateral and sway bracing seem have been well worked 
out for the type bracing used. 

Referring Figs. and Plate XLIII, will noted that the 
250-ft. span lying its side, except the end torn from its support 
the two-leg bent (still standing), and that this end has been given 
quarter twist addition and has fallen has been blown consid- 
erable distance from the tower. 

Referring Figs. and Plate XLV, the plate-gitder spans seem 
have been pulled down the bank, and are but little out the line 
the viaduct. 

The tower frame which was overthrown was badly twisted, and the 
position which the columns fell, together with the manner which 
the bolts were bent and broken, would seem indicate that the 
end the 250-ft. span resting the two-leg bent was first pushed off 
its support, and that the wind, acting the loose span with its 000 
ft. exposed area (the planking was well fastened) and 
extreme leverage 250 ft., twisted from its base the tower bent sup- 
porting the other end, and the falling mass, its descent, pulled the 
girder spans down the hill. 

the collapse occurred outlined, few figures the twisting 
moment the top the tower may bein order. Supposing the floor 
such angle the wind that the effective pressure is, say, 
per sq. ft., then the twisting moment 125 ft. 
500 000 ft-lb., amount far excess the ultimate resistance 
the tower. 

The next point which would seem invite attention the detail 
the connection the end the wrecked 250-ft. span the two-leg 
bent, and the strength, resistance this connection uplift and 
lateral sliding the shoe. 

Referring Figs. and Plate will noted that there 
two-leg bent, similar the one that supported the end the 
wrecked span, nearer the other shore, and, this seat was easily accessi- 
ble trap suspended platform and iron ladder 
leading down theshoe, was examined first. The end the 
span corresponding that which was wrecked was found rest 
nest eight rollers each about in. diameter with the usual 
spacing bars the sides. 

The sole resistance the lateral motion the rollers was bar 

the cap each side and recess the shoe above, about 
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in. depth, nearly could readily determined. Provision 
was made for 14-in. guard bolt each side the shoe, hole was 
provided the column cap and long slot the side the shoe. 
bolts, however, were place. The photograph, Fig. Plate 
XLVI, taken from the platform vertically above the shoe, shows 
clearly the hole where this bolt should have been, the outside 
the shoe, the up-stream side the bridge; and Fig. Plate XLVI, 
shows the absence the bolt the down-stream side. The inner 
sides the shoes could not photographed conveniently, but the 
bolts were missing there also. 

Fig. Plate XLVII, photograph the column cap from 
which the 250-ft. span slid off the leeward side the bridge, and 
Fig. Plate view the cap the windward side. Each 
these views was taken looking diagonally downward from the end 
the floor still standing. may noted that but one roller has 
been left the windward cap while seven the eight remain the 
leeward cap. Careful examination these photographs will show 
that this span was anchored down somewhat better than the one 
referred above, and instead having bolts all, there was one 
the outside the windward shoe which splintered and broken 
place. The appearance the other three holes positive evidence 
that there were bolts any them. 

There is, then, the resistance this end the span, reduced 
the dead weight, and the value this bolt. the wind tended 
raise the windward truss, pin-connected with the eye-bar 
bottom chord and diagonals, the truss would furnish little resistance 
upward forces, and the bolt the end, being cantilever from 
from the center the shoe plate the center the bearing 
the cap, would not develop its shear value, but only its bending 
value, the insignificant amount 000 000 Ib. less. 

uplift the windward side would accompanied 
stress the bottom chord, the probable buckling the chord, 
and, with the slight resistance the bolt, the shoe would pulled 
from the cap and the rollers displaced, appears Fig. Plate 

rough approximate estimate the weight the span and floor 
would the neighborhood 200 Ib. per lin. ft., giving reac- 
tion of, roughly, 140 000 Ib. each support. the storm was 
severe one, will assumed, for purposes computation, that the 
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very severe wind pressure lb. per sq. ft. was acting upward 
angle the floor 30°, and the pressures will calculated 
accord with Unwin’s table. 

Let Angle surface with direction wind; 

wind, pounds per square foot (assumed 
per sq. ft.); 

100 from the wind the floor. 

The overturning force, each end the bridge 0.33 
125 200 from the wind the floor. 

The uplift from the windward shoe 000 

The direct pressure the side the truss top chord, approxi- 
mately, 7=210 Ib. per lin. ft., and 
the uplift from the same. 

the wind has been assumed blowing upward, this compo- 
nent the vertical area would give additional uplift some 
000 Ib. 

Now, the sum these computed uplifts 162 100 about 
15% greater than the reaction due weight. 

Evidently, the windward shoe raised, there being bolts 
hold down the leeward shoe, would turn sufficiently for the recess 
the shoe clear the corner the rolls and then slide off the cap. 

Allowing some slight resistance for the expansion connection 
the stringers the beam, would seem safe conclude that the 
wind pressure assumed 10% greater than would have been neces- 
sary cause the wreck. 

Rough computations the laterals, taking into consideration the 
sway rods and the action the four planes bracing, would indicate 


that they were not strained much beyond 000 000 Ib. 


the assumed forces. 

Bearing mind the fact that the floor steep grade, 
may well that the angle action the wind the floor was 
greater than has been assumed, and, so, the necessary pressure 
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cause the wreck might considerably less than the lb. per sq. ft. 
Again, the probability that the assumption uniform 
pressure materially error. udging somewhat the contour 
the bluff and the path the storm, would seem likely that the 
maximum pressure was the vicinity the northwest end the 
wrecked 250-ft. span, and that the adjoining span was saved its 
rigid connection the two-leg rocker bent. the pressure were 
greater the end, evident that the average pressure necessary 
cause the wreck would materially less.” 

Such moderate pressures have been figured on, when their cu- 
mulated effect concentrated upon weak detail, may evidently 
produce results that cause astonishment, and the rash assumption, 
those whose training should lend better judgment, that the pressures 
involved are exceedingly great.” 

Evidently, whether dealing with bridges roofs, stiff riveted con- 
struction, with bottom chords and diagonals capable taking re- 
verse stresses preferred, and, view the fact that, the 
exercise reasonable skill design, they can fabricated for 
sufficiently smaller cost than the pin type offset the additional 
expense riveting the field, they should preferred for all 
moderate spans, such 250 ft. less, unless the work exception- 
ally heavy. 

the provision for temperature stress, the expensive and fre- 
quently weak details often worked out avoid harmless little 
amount temperature strain, effort eliminate entirely, 
indeed surprising; perfect double-action joggle connections are too 
often introduced the shortest possible intervals, and dignified 
the name expansion joints. 
the present instance, for example, ordinary sliding plate 
fitted with compression grease cup would probably move easily 
the badly rusted rolls rusty base and cap; while the guard 
bolts would brought into actual shear and tension under forces 
tending displace the shoe instead inbending with the detail 
adopted. 

From careful examination the anchor bolts the wind- 
ward column the fixed bent under the 250-ft. span, would seem 


that they were without nuts, though this fact appears have had 
material influence the wreck. 
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THE RECLAMATION RIVER DELTAS AND 
SALT MARSHES. 


PRESENTED DECEMBER 1904. 


the following paper attempt show the practica- 
bility and great desirability reclaiming the immensely rich swamp 
lands situated the mouths many rivers, notably the Mississippi, 
and the salt marsh lands lying along the whole seaboard, lands than 
which richer exist the continent, and which are pre-eminently 
adapted most successful cultivation of, not only rice, but sugar 
and all classes garden truck, these reclaimed swamp lands being 
much greater agricultural value and capability than the irrigated 
prairies, which are popular present with rice growers Louis- 
iana and Texas. 

The lands the Mississippi Delta, being probably the largest 
single body fresh and salt marshes the United States, have been 
selected for examination and study, being without doubt the most 
difficult treatment, account the low range the tides and the 
elevation the river above the land reclaimed. 


carrying out the plan explaining the treatment the 


papers are issued before the date set for presentation and discussion. 
Correspondence invited from those who cannot present the meeting, and may 
sent mail the Secretary. Discussion, either oral written, will published 
subsequent number Proceedings, and, when finally closed, the papers with discussion 
full, will published Transactions. 
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difficult cases, from which easy change the modus operandi 
suit more advantageous conditions, the writer has based his computa- 
tions rice culture, requiring more irrigation water, and conse- 
quently more pumping, irrigate de-water. The plans can 
readily modified suit other conditions and localities. 

The writer has lately been engaged make examinations and 


report the reclamation 500 000 acres the Mississippi Delta 
lands. 


LocaTION AND CHARACTER LANDS THE 


The lands selected for discussion include the salt and fresh marshes 
and swamp lands the Parishes Plaquemines, St. Bernard, Jeffer- 
son, Fourche, Terrebonne, Orleans, St. Charles, St. Mary, Iberia, 
St. John the Baptist, St. James, Assumption and Ascension. The 
conclusions and methods are also applicable large portions Ver- 
milion and Cameron, and the lower parts the Louisiana and 
Florida parishes, well all deltas and salt marshes. 

Most these lands are open fresh marsh, merging gradually into 
salt marsh the southern end, and covered only with grass. They 
are entirely free from trees bushes, except for narrow margin 
along the bayous and oak islands, and 
ridges the marshes, which Florida would called 

These lands are from in. ft. above Mean Gulf Level, the 
great majority being about ft.; and their drainage must effected 
pumping, the general custom this region, where too low 
drain gravity. 

The soil composed the rich alluvium brought down and de- 
posited the Mississippi River during past ages, and inexhaust- 
ible fertility. Probably richer agricultural soil exists the 
Continent North America. 

The writer caused numerous borings made, and tested the 
soil, personally, several places. The borings, made for the New 
Orleans and Gulf Ship Canal and Locks, show consist black 
clay, sand and silt for more than ft., far down 
the borings extended, intermixed varying proportions, the silt 
being composed largely vegetable matter. The State Commissioner 


Agriculture says these soil exceedingly rich 
and productive.” 
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CULTIVATION. 


the cultivation rice the United States, two methods are 
now followed, the older being that vogue the lowlands the 
and Georgia. The modern method radically different, 
and was first essayed the new rice fields the elevated prairies 
western Louisiana and eastern Texas. 

the first case, large quantities water are used irrigating the 
rice, and are considered absolutely necessary, the fields being low, 
swampy, and having embanked keep them from being over- 
flowed. the later modern method, comparatively small quanti- 
ties water are used. all pumped obtained from artesian 
wells, and used irrigate the dry prairies. These fields are em- 
banked keep the water in. the first case, the irrigation water 
put the fields gravity, and, most cases, has pumped 
off. the latter, the water generally pumped on, and drawn 
off gravity. 

the old plan, the watering extends over days, whereas the 
modern practice proves that days sufficient, the water put 
the right time. 


RECLAMATION. 


The methods pursued reclaiming land for rice, cane and vege- 
tables are essentially the same. The important control the 
water supply and the drainage, protect the land from the overflow 
salt water and crevasse water ample protection levees, and make 
the lands long and narrow that they can worked machinery 
and yet well drained. 

Lands close the Mississippi River can reclaimed naturally 
less cost than those greater distance, the irrigating water can 
taken over the levee siphons and put the land with little 
trouble short ditches. For lands farther away, wooden 
must built, some cases, cross intervening bayous, and, 
some instances, pipes must laid. long the supply taken 
from the Mississippi River, either siphons pumps, there will 
lack water for these plantations, but the quantity 
pumped will influenced largely the rainfall, for, during some 
months, the rainfall the tract may sufficient without recourse 
pumping all, and, the other hand, those places low that 
the water cannot drain off gravity, may much excess 
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needs the crop make necessary pump off. other 
the supply cannot gravity, but all irrigating water, 
drainage water, must pumped from the river, canal bayou. 

The daily rise the lunar tide this part the Gulf Coast 
When draining for rice, the water table the ditches needs 
only ft. below the ground surface, when drawn down; for 
alfalfa, ft.; for sugar cane, ft.; and for garden vegetables and 
fruits, from ft. 

the land intended for rice, will drain gravity when the 
surface the ground ft. above low water, provided the drainage 
sluices are the right size, and the rise and fall the tide not less 
than about ft. For alfalfa, the land must ft. above low 
water; for cane, ft.; and for vegetables, from ft., according 
the variety. Lands below these levels will have kept dry 
pumping during the cropping season. 


Taking rice for example, the months during which water 
required for irrigating, the vicinity New Orleans, are shown 
Table This table also shows the quantities required, and the 
length time, with the mean rainfall, for the same months, 


being the mean eleven circumjacent stations for the last six years 
(1897-1902). 


TABLE wHIcH, THE VICINITY NEW ORLEANS, 
WATER REQUIRED FOR IRRIGATION. 


OLD 
~ 
m 
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old method. out the last years there 
has been less than in. rainfall May, and 
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Table appears that, taking the average for the last six years, 
there has only been one month (May), during the rice growing season, 
when sufficient water has fallen for the use the crop the old 
method, and but half the time the new method. Also, the new 
requires only much water the old method, and requires only 
34% many days pumping. 


TABLE OBSERVATIONS NEw La. 


Authority: United States Signal Service. 


INCHES EVAPORATION FOR: 
Year Total 


Computed for the fiscal year, 1887-88. 
27.428 in. total for months’ observation (158 days) 0.179 in. per day. 


Now, take the evaporation into consideration. Assuming that the 
means the fragmentary observations the Signal Service, 
which are all that are available, this time, are approximately correct, 
and considering, also, that better err the safe side, ap- 
pears that the mean evaporation greater than the mean precipitation 
May, July and August, and about equal June, while 
April the precipitation considerably excess, shown Table 

The records for New Orleans alone, extending back for years, 
show mean annual rainfall 57.54 in., and the mean for the last 
years only 49.63 in., while the mean for the first years (1871 
1878, inclusive) 66.98 in. This seems show cycles about 
years, the minimum having occurred 1891, and the present time 
being ascending node. 

Desmond FitzGerald and James Croes, Am. 
E., and Professor Russell agree that, the latitude New En- 
gland and the Middle States, the evaporation from water surfaces 
about equal the rainfall, taking one year with another. Owing 
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the greater humidity the South, appears less. The evapo- 
ration for the entire year, New Orleans, given the Signal 
Service 45.40 in. 1887-88. According the observation the 
New Orleans Sewerage and Water Board, taken for few months only, 
would not The Signal Service observations agree more 
nearly with other authorities. 

The quantity evaporation Table in. per day 
for the months observed. The Signal Service officers, however, 
state that, their opinion, their figures should reduced 20%, 
making the quantity per day 0.143 in. 

General Gillmore estimated, from observations taken some open 
ponds Florida, 0.300 0.250 in. per day. 

The experiments the United States Department Agriculture, 
Crowley, La., and Texas, give mean 0.225 in. per day for 67.5 
days.* 

Evaporation very largely dependent upon the wind, and this 
region completely open wind and sun. From experiments made 
the Signal Service, appears that, with the wind blowing 


with different velocities, the effects shown Table were produced, 
compared with quiet air. 


Owing all these lands being below the level the Mississippi 
River, with the drainage away from the river instead toward it, and 
the lands themselves being level, there practically water- 
shed considered. Further, the level the land low that 
there can loss water filtration, and the soil retentive 
that very little infiltration need expected, even those lands lying 
below the level the water outside the protection levees. least 
that the experience with reclaimed lands the vicinity. Then, only 
the effects rainfall and evaporation have considered. 

The cultivation rice requires more water than any other crop, 
therefore has been selected for this discussion. 

Rice cultivation, the high, level prairie lands, like those 
Crowley, La., Texas, and the low lands, such those 
Georgia and the Carolinas, and those comprised this belt, very 
different practised the different localities. 


*Bulletin Dept. Agriculture, Experiment Stations, pp. seq. 
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Velocity wind, Evaporation, num- Velocity wind, 


Evaporation, num- 

per times greater. miles per hour. ber times greater. 
2.2 5.6 
6.1 
4.9 6.8 


Crowley, La., and Texas, the average length the season 
during which water used only days, during which time the 
water turned for only days, the low lands Georgia. 
and the Carolinas, the custom supply water intervals during 
season 144 days, during which time the water turned for 
days, the quantity the former case being only against 
in. the latter, the rainfall being included each case. The quan- 
tity water furnished the latter case would only in., were 
not for the fact that during the harvest the water changed 
six times, every days, prevent from becoming stagnant. 

The harvest flow,” according the practice Georgia and the- 
Carolinas, kept for days, steadily, while Crowley, La., and 
Texas, only kept for about days. 

These methods may designated the new and the old practice. 
The Crowley and Texas method the new, and the other the old.. 
The former marks new erain rice growing, and has exploded the old 
and erroneous ideas that enormous volumes water are needed to. 
irrigate rice and that evaporation excessive along the Gulf Coast. 

matter fact, numerous observations prove that less 
there than many other places. 

The mean rainfall for July and August 1.59in. more this tract. 
than Crowley, while the total annual rainfall this tract 2.34 in. 
more, taking the mean years. 

has been demonstrated conclusively that crops rice: 
can raised the new plan, and, therefore, the writer has adopted. 
his estimates water and pumping. 

the new method water put on, from the time planting 
for months, about the middle June, 
being placed the rains sprout the seed. 

appears from Table that water supplied the rice 
days, but part this rainfall; that, leaving out the rainy 
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days, there are only days the season when pumping required, 
years normal rainfall. This includes also the quantity lost 
evaporation. Therefore, appears that the pumping water for 
irrigation, even all the water had pumped, would not 
matter very heavy expense, even for rice, and less for all the 
other crops. 

Next, consider the length time during the rice-growing period 
when siphons can used. This will depend largely the location, 
for, the lower this location down the river, the less the river 
elevated above sea level and the level the marshes, and, therefore, 
the less the fall for the siphons and the shorter the time during which 
they can run. 

Table shows the highest and lowest water and the mean elevation, 
above Mean Gulf Level, the Mississippi River New Orleans for 
years. Also, the number each month that the river was 
ft. less above Mean Gulf Level. This table taken from the 
hydrographs the river, made the office the State Engineer 
Louisiana, from the Bulletins the Weather Bureau. 


ABOVE LEVEL, THE YEARS 1890 1897 1903, 


INCLUSIVE. 
Last day month. Lowest. Highest. Mean. ft. and 
0.8 4.9 2.2 


1900. 1897. 


Table shows that there not day during the rice-growing 
season, from March September, that the river not ft. more 
above Mean Gulf Level the vicinity New Orleans, the lowest 
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water ranging from 1.7 ft. August 2.0 ft. March, and the mean 
height averaging from 3.9 13.9 ft. above Mean Gulf Level. 

Theoretically, siphon should run the water the river only 
film higher than that the marsh, but, practice, found that 
impossible make joints tight that some air will not leak in. 
Also, air disengaged from the water, and stated prominent 
engineers who have had experience with siphons that locality, 
where they are common use take water from the river, far 
down the writer went, about Buras, than ft. difference 
level about the practical working limit. 

Table taken from the records the Mississippi River 
Commission, shows the number days, with dates, when the river 
has been ft. less above Mean Gulf Level the Carrolton 
Gauge, New Orleans, from 1850 1902, inclusive. 


TABLE Days WHEN THE THE 


LEVEL. 

Date. Lowest Date Lowest. 
Feb. 4, 1852...... +0.47 —0.83 
—0.83 Oct. 21, 1891. —0.18 
—1.33 Nov. 10, 12, 24, 1895....... —0.08 
Jan. 9, —1.53 Oct. 9, 11, 1896 +0.62 

Oct. 15, .37 10.97 


Table shows that for the last years there have only been 
days when the river was low ft. less above Mean Gulf Level, 
about day per year. also shows that these low stages have oc- 
curred the months October, November, December and January, 
with two exceptions, one which was September and the other 
February, all being months when water required for rice, unless 
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should attempted raise two crops, sometimes done. 
that case the river records show that years total days 
might expected when the water would too low siphon No- 
vember, days December and days January, or, the average, 
little more than day November every year with possibility 
days, day December every years with possibility days, 
and one day January every years. 

The study these records shows conclusively that siphons can 
depended upon forirrigation the vicinity of, above, New Orleans, 
the year round, and pumps will required. This supposes, 
course, that the ditch irrigating canalis brought the levee 
the land side, with the water Gulf Level. The mean rise and fall 
the tide Grand Pass 1.4 ft. the canal fairly straight and 
unobstructed the rise the tide the levee should about ft., 
which would give 5-in. fall low water, and would give sufficient 
grade for the canal discharge the land all times from half-tide 
ebb half-tide flood, period nearly hours, the average, but 
variable. Land which ft. more above Mean Gulf Level could 
not covered the extreme low-water stage the river. The grade 
would greater spring tides, the tide falls lower. 

The level the Gulf influenced greatly the winds, and some- 
times falls nearly ft. below the Mean Low-Water plane, owing 
along succession northerly winds, which lower the water near the 
shore. the other hand, has once risen 6.3 ft. above Mean Gulf 
Level, 7.0 ft. above the plane Mean Low Water, owing extra- 
ordinary storm. Ofcourse, timethe siphons would not work, 
but, such high waters always occur during storms and are accom- 
panied rain, irrigation water needed. When the storm sub- 
sides the water recedes and the siphons resume their work. 

Table shows the monthly means the highest and lowest water 
Ft. Jackson, and the number days was down only ft. 
less above Mean Gulf Level, during the rice-growing season 
months, March August, inclusive, for the years 1897 1902, in- 
clusive, collated from the Mississippi River Commission’s daily gauge 
readings. 

Table shows the extreme high and low water above Mean Gulf 
Level, Ft. Jackson, for the whole year, from 1891 1902, inclusive, 
from the reports the Mississippi River Commission. 
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YEAR FROM 1897 1902, 


March. April. May. June. July. August. 


4.23 1.58 4.80 3.82 4.65 3.00 3.77 1.63 2.77 0.68 2.61 0.25 


Number days the water was low ft. less above Mean 
Gulf Level; and mean years. 


Possible num- 
ber days 


Above Mean Below Mean 
Year. Date. Gulf Level, Date. Gulf Level, 
feet. feet. 


Apr. 8-9 4.12 Nov, 12-14 
1896...... Apr. 4.22 Dec. 4-5 —0.78 
Apr. 22, 
May 14-16 
an. 


Apr. 20-28 4,22 Jan. 


t 
Year. 
| | 
Mean number 
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Table shows the average height extreme high water 
Jackson 4.31 ft. above, and the average height extreme low 
water 0.94 ft. below Mean Gulf Level. These are the means 
the extremes for aterm years, covering the whole each 
year. 

explanation Table must understood that this station 
two readings the gauge were taken daily, and this accounts for the 
apparent discrepancy some parts the table, as, for instance, 
the July column low water, which shows mean for years only 
0.68 ft. above Mean Gulf Level, and yet the lower part the table 
shows that July there were whole days low ft. less 
datum, with single exception. The explanation this 
that during part the day the water was less than high, but 
some time during the hours was more This 
owing the backing raising the river water the daily 
action the tides. The salt water, being heavier, runs the bot- 
tom, while the fresh water flows over the top. This tidal influence 
felt farup as. Red River Landing, about 225 miles above New 
Orleans. 

The water New has been slightly brackish once 
period about years. Harvey’s, the head his canal, the 
tide rises and falls about in. daily, and storms about ft., but the 
water perfectly fresh. New Orleans the rise and fall the river 
about the same. 

The great Gulf storm August 14th, 1901, producing the highest 
rise ever known, raised the river 4.9 ft. Ft. Jackson, 5.2 ft. New 
Orleans, and 1.00 ft. Red River Landing, above the river height at. 
the time. proposed New Orleans and Gulf Ship Canal is. 
built its full width and depth, the daily tide will probably about 

Table shows Ft. Jackson the greatest height ofthe water, 
the six growing months, for the last years, was 5.5 ft. above Mean 
Gulf Level, and the greatest mean for any one month was 4.80 ft., 
for April. water was 0.3 ft. below Mean Gulf Level March, 
and the lowest mean height for years was 0.25 ft. for August. The 
mean years’ observations shows that March there are 3.6 days 
when the water ft. less above Mean Gulf Level, and some 
years there are days; that August there are days, with pos- 
sibly 20; and, once years, there day July. 
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These conditions, far down Ft. Jackson, make the raising 
rice the use irrigation water obtained from the Mississippi River 
siphons, not perfectly satisfactory. The mean 3.6 days 
March, with possible 14, not material, irrigation water 
wanted March, April May, provided there any rain all, but 
days, might prove disastrous came the first part the month, 
when the water needed for the harvest 

examination the gauge readings for the past years shows 
that for about three-fourths that time the scarcity occurred the 
last half the month; the other times occurred intermittently. 
Therefore, there would not much danger for the crop, and the 
writer has observed that rice grown successfully the use si- 
phoned water far down Socola. would impossible, how- 
ever, raise two crops per year far down Jackson, using 
siphon water. 


DRAINAGE AND IRKIGATION. 


The land should first surveyed and divided into sections 
mile square, and these subdivided into 160, 80, 40, and 20-acre lots, 
suit purchasers. protection levee, from ft. height above 
low water, should built around each section. This rendered nec- 
essary because one occasion the water the Gulf, during severe 
storm, was raised the wind 7.0 ft. above low water; and this may 
occur again. This saidto have been the highest water known since 
the settlement the country, and, therefore, the levees should 
ft. high the protected places and ft. high locations more ex- 
posed the waves. Where the surface the marsh ft. above low 
water, this will make the height the levee above the ground surface 
from ft. The small levees, inside the protection levee, need 
only high enough flood different lots about ft. deep, making 
the height these sub-levees from about ft. above the levelof 
the ground. 

Each mile section should have marginal canal 
around each its interior sides. This ditch should ft. 
wide the bottom, and about ft. deep, with sloping sides. The 
80-acre and smaller lots should bounded ditches, in. the 
bottom, ft. the top, and ft. deep. 
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When the shape the land will admit, these sections should 
laid out groups, miles wide miles long, and protection 
levee built around each, with canal for drainage, and another canal 
longitudinally through the center the tract. This arrangement 
will reduce the expense greatly, dispensing with the high protec- 
tion levees around each section, would necessary treating one 
section singly. The arrangement shown Fig. 

Wooden sluice boxes, with gates, can laid through these levees, 
admit the irrigation water high tide and permit the drainage 
water escape low tide. This arrangement feasible the 
fresh-water marshes, where the tide rises and falls daily, the water 
not salt. most places, however, these lands, the irrigation 
water will have brought special canal ditch from the 
Mississippi River, or, where that impracticable, pumped from the 
bayou. 

Each case requires made the subject separate study and 
treatment, but perfectly feasible, and each now being worked 
profit Louisiana and the Carolinas and Georgia. The most 
unfavorable case would where the irrigation water had 
brought long distance, pipes flumes, and then pumped out 
after irrigating the land. This might occur some the salt- 
marsh lands, long distance from the river. 

Another case requiring more pumping would occur the lowest 
the fresh-water marshes, where the same pumps would used 
pump the fresh water for irrigation, and afterward pump out. 

The cost this pumping, however, would not great 
might first supposed. the first place, the pumping opera- 
tions for cane and rice would only extend over from days, 
unless was desired raise two crops rice, and, during that time 
would not continuous, any means. the case garden 
vegetables, would depend what was being raised, but, any 
event, would not extend beyond the crop-growing period, whatever 
that was. 

the second place, the lift would very slight, often not more 
than ft., which would permit the use the cheapest class 
pumps, and even wheels alone many places. Thirdly, the location, 
for the most part, perfectly open and wide expanse flat marsh, 
without trees bushes, except occasional clump low trees 
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covering possibly acre, and few scattered trees the borders 
the bayous. Therefore, fully exposed the sweep the 
wind from all directions, much sea, windmills can used 
advantageously, they are the Zuyder Zee Holland; indeed, 
several may seen the line the New Orleans, Ft. Jackson and 
Grand Isle Railroad, which runs through this territory. The cost 
pumping windmills very low, consisting chiefly repairs the 
mill and pump, and the daily oversight oiler, who could the 
watchman tending the sluices, embankments, etc. 

The cost oil and repairs would not more than 10% the cost 
the mill, which may taken $300 for the larger sizes, set up. 

objection windmills, besides the uncertain character their 
power, the small size and small duty the commercial mills found 
the United States. 

One these mills, ft. diameter, with the wind velocity 
miles per hour, and with lift ft., will pump 224 gal. per 
hr., which only about one-fifth the capacity 16- 
in. Menge pump, and one the latter will required irrigate 
every 320 acres, provided case should occur where all the water has 
pumped the fields. would require about 473 these wind- 
mill pumps the same work, one pump 0.68 acre, that is, 
provided all the water irrigation has pumped, which would 
hardly ever the case; but serves show the comparative duty 
the windmill and electric steam pump. 

The experiments made under the auspices the United States 
Geological Survey* show tests made nearly all the windmills 
the market the United States. According these tests, the 16-ft. 
appears among the best, and this never exceeds 
2h.p., with 2U-mile wind, and with 15-mile wind may assumed 

The old-fashioned Dutch windmills, with diameter ft., 
yield 7h.p., with the same wind, according the experiments 
Coulomb Holland. This would equal one mill for about every 5.9 
acres, for irrigating, the same basis computed previously, and 
the ratio the Menge pump these windmills would about 54. 

The cost one these large Dutch mills would not fall much 
short $800, therefore, windmills would vastly more expensive 


Water Supply and Irrigation Papers, Nos. and 


q 


Papers. RECLAMATION RIVER DELTAS. 


than electric pumping, and there would some uncertainty their 
action. However, for use small separate fields, auxiliary, 
they would economical. cases where the irrigation water 
supplied gravity, and the pumps are only required take off the 
surplus water, one 16-ft. aermotor will de-water 1.38 acres, and one 
Dutch mill about 11.8 acres per day. 


Mr. Watkins, reporting the methods pursued reclaiming 
large areas tide marshes Louisiana, says:* 


Our plan reclamation build dikes, along the Gulf, rivers, 
lakes and bayous, sufficient height and strength prevent overflow 
each the event floods from rain and storm tides, and this 
will materially assisted the natural levees found many places 
along these waters. 

cut, parallel each other, and mile apart, canals ft. wide 
and ft. deep. angles with these, intervals miles, 
cut larger canals, thus forming the land into oblong blocks, mile 
miles, each containing 800 acres. Across these blocks, proper 
intervals, cut lateral ditches, in. deep in. wide the bottom, 
flared in. wide the top. 

canals are cut, the levees formed, and the dikes are, 
considerable extent, built the use powerful floating steam 
dredges. The smaller ditches are cut ditchers propelled steam 
power, passing through but once, the rate miles per hour. 
the proper localities, erect automatic flood gates, means 
which control the stage water the canals, and the necessary 
volume water regulated some extent the ebb and flow the 
tide. This supplemented the use powerful wind pumps, and 
when the natural elements will not accomplish the work, readily 
move upon the canals the spot our ditching, plowing and cultivating 
engines and attach them pumps. Thus arranged, with control 
the water, these blocks land are condition for the most successful 
rice culture. 

Rice may planted any time from February June, very much 
the same wheat, and upon ground similarly prepared. When 
has reached growth in. high, water upon and the ground 
gradually flooded; care being taken not cover any the plants 
with the water. kept flooded sufficiently kill all the 
grass and weeds, until the rice about in. high. has then 
sufficient start choke down any foreign growth, and the water may 
drawn off and the ground allowed become dry and firm for har- 
vest time, which may extend over several months, according the 


Marshes the United States,” Special Report No. Department 
Agriculture. 
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time the seed sown. Rice harvested and threshed with the same 
kind machinery used for wheat.” 


His dredges have capacity mile canal, ft. per 
month each, and plowed acres land per day with gang plows 
drawn traction engines. 

proportioning the canals for supplying irrigation water, the 
quantity water required determined previous experience 
rice growing. This must increased the quantity lost evapo- 
ration, both the field and supply canal, and this, turn, must 
diminished the average recorded rainfall that vicinity. 
tract large this, extending fully 100 miles north and south, and 
east and west, the hygrometric conditions will vary, and the compu- 
tations adaptable plat the west might differ considerably from 
those for one the east end. Again, the supply canal long, 
more water will lost evaporation than short. Therefore, 
each case must made the subject special study. 

From experiments conducted the Department Agricul- 
ture, Crowley, La., appears that the depth water required 
the rice field during season days, during which time the water 
was turned for days, was 26.51 in., which were rain- 
fall; and 14.47 in. this were taken evaporation, leaving the 
net depth water received the land 12.04 in. 

Raywood, Texas, similar experiments the same parties gave 
28.81 in. water required the land, which 19.66 in. were sup- 
plied the pumps, and 9.15 in. were rainfall. this, 16.03 in. were 
taken evaporation, and the net depth water received the 
land was 12.78 in., extending over period days, during which 
the water was turned for days. These two experiments show 
very close coincidence, and furnish valuable data for computing the 
water required similar locations. 

Where the water has brought long distance, from the river 
Harvey’s Canal, reservoirs can easily made, many cases, and 
these will greatly reduce the length the pipe flume, and often 
cause dispensed with entirely. making these reservoirs, 
advantage would taken one the many small bayous creeks, 
which there are great many running through the marshes all 
directions. These would dammed the point nearest the land 
watered, and the salt water, any, pumped out. flume 
would then built the upper end bring the fresh water, and 
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the creek bayou would form the reservoir. would necessary 
run protection levees along both banks keep out storm water. 
Accurate topographic and hydrographic charts these marshes 


are necessary order locate and plan these reservoirs and the sys- 
tem levees and canals. 


The cost running the pumps will vary chiefly according the 
fuel used, colored men, working for very low wages, can found 
who are capable attending them, asis done now. The 
Department Agriculture has made tests of, and has reported on, the 


cost fuel per acre irrigated The following quoted 
from this report: 


Three kinds fuel are used make steam for irrigation pumps 
the rice district: coal, wood and oil. Coal the most expensive be- 
cause the long hauls necessary, and oil, based upon the experience 
the one year that has passed since the Beaumcnt oil basin was dis- 
covered, far the cheapest and most satisfactory. Pittsburg, 
Kans., bituminous coal sold high $4.75 per ton,* and wood 
$1.50 and $3.00 per cord, while the oil delivered car lots, 


cost from 624 cents per barrel. Based upon reports received, 
the cost fuel, necessary irrigate acre rice, was between 
cents and $1.00 when oil was used, between and per acre when 
wood was used, and fully much for coal for wood. Crude min- 
eral oil has proven most satisfactory fuel. uniform and high 
pressure the boilers easily maintained, and one fireman can easily 
handle battery half dozen more large boilers. The combus- 
tion practically complete, and injury the boilers from the hot 
blast has yet been noted.” 

Fuel oil now cents per bbl. (42 gal.) tanks cars New 
Orleans, and cents per bbl. for less than 000 gal. per month, 
delivered the consumers’ tank, pumps, cents per bbl. for 
quantities more than 000 gal. per month, the latter being brought 
tank ships from Texas. 

Two styles pumps arecommonly used about Crowley for irrigat- 
ing, the rotary and the centrifugal. The former gives more effi- 
ciency, but heavy and requires very solid foundations 
geared directly the engine shaft, and therefore settlement 
allowable. The centrifugal, the contrary, generally run with 
belt, and considerable settlement will not derange it. light, and 


*This was Crowley, La., 1901. now (1903) $4.25 ton, delivered lighters, 
New Orleans; Alabama $3. 
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easy keepin repair. variety Archimedean screw, made New 
Orleans, called the Menge pump, after the inventor and maker, 
probably the best for the low lifts that prevail this land. 


RAINFALL AND INFILTRATION. 


computations based rainfall, the first importance 
have many stations possible the tract around it, the pre- 
cipitation varies greatly even comparatively small area 
that the City New Orleans. this case, fortunately, there 
are numerous stations almost surrounding the tract, that very 
fair general average the rainfall can obtained. The monthly pre- 
cipitation each station for period years shows that the mean 
precipitation this tract varies from 2.24 in. May 6.83 in. 
July. 

part this tract the water that put for irrigation must 
pumped off, minus what has been dissipated evaporation and 
absorption. All this soil retentive and the grade low that 
there will loss filtration, seepage. The gain infiltra- 
tion will very slight, judging the experience the planters 
and those living, cultivating, immediately back the river levees. 
This owing the very retentive, puddle-like character the soil. 

The late John Goodwin, Am. Soc. E., one the 
commissioners the Pennsylvania Ship Canal, estimated the infil- 
tration and leakage that canal 20% the entire volume. 
this, the leakage would probably constitute about 75%, leaving only 
25% for infiltration proper, the entire volume water. 
The experiments reported General Gillmore, filtration 
Florida canals, give very much greater quantity than would 
expected this land, owing the sandy and extremely porous 
character the Florida soil. the absence any known experi- 
ments this line this neighborhood, the quantity can only 
approximated, but safe assume that will not large. 

analysis the rainfall from 1872 date and Table show 
that the mean annual precipitation 55.13 in.; that there well- 
defined rainy dry season; that the mean monthly precipitation 
4.51 in.; that the greatest monthly precipitation, any one year dur- 
ing the last years, any one the surrounding stations, was 19.55 
in.; that the mean the greatest and least monthly precipitation for 
each year for years 10.77 and 0.79 in., respectively. 
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also appears the table observations taken the New 
Orleans Drainage Board, that from 1881 1894, inclusive, there 
occurred one rainstorm 3.60 in. hour, and several others 
shorter duration, but nearly equal intensity. 

From the Table Excessive Precipitation” furnished the 
Weather and extending from 1870 date, appears that 
there has been great fall 9.22 in. days, and 7.40 in. 
day. 

Table shows the months and days the month when excessive 
precipitation has occurred during the last years, arranged show 
the months greatest excessive precipitation. This table has been 
collated from the records the Weather Bureau and the obser- 
vations the New Orleans Drainage Board, New Orleans, Law- 
rence, Houma and Venice. 

From Table appears that the months when short falls great 
precipitation occur most often are, the order named: April, Septem- 


ber, February, March, August, June, July, December, October, May, 


November and January. the six most pronounced months, four 


are months rice growing. Therefore, there may occasional 
engorgement the drainage system during these months, for short 
period. The flooding rice for three four days, even several 
works, some periods growth, will not prove harmful. 

The most excessive precipitation this kind occurs April, when 
twenty-four storms, each, with mean precipitation 4.02 in., have 
occurred the last years. These storms may last one two, 


and, rare instances, three days. This analysis shows that there 


not much fear from these short storms excessive The 
four months most excessive precipitation are months when 


water put the rice, dependence being had entirely the rain- 


fall, which generally sufficient. there should drought, the 


water would have turned on; therefore, when these rainfalls 
occur March, April May, they will advantage. Those that 
occur June, July August would cause engorgement ifthey hap- 
come just after the water had been let on, and might necessi- 
tate starting the pumps, relieve the land ofthesurplus. Onthe 
other hand, they occurred just before the water was due let 
on, they would save the trouble opening the gates the cost 
pumping much water, fields where pumping was required for 
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TABLE INcHES, POINTS NEAR 
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TABLE 


Day Jan. Mar.| Apr.| May Aug. Sept Oct. Nov. Dec. 
| | 


| | | 
Mean precip- 


| | | 
| | 


irrigation. these storms are not violent, rather the precipi- 
tation not great, June, July and August, the chances are 
rather more than even that they will prove benefit, rather than 
drawback, the mean precipitation only ranging from 2.82 3.46 in. 
for each storm, which only sixteen seventeen have occurred 
years, one every other year these months. 

The rainfall, therefore, pumped off the land after has served 
its purpose, the mean the monthly precipitation occurring dur- 
ing the rice-growing months, shown Table 11, plus the quantity 
put the land monthly siphons pumping, plus the quantity 
added infiltration, and minus the quantity lost evaporation; 
and the pumps must capable taking this water off short 
time, say two three days. 

Table shows the greatest monthly precipitation each year, for 
the last years, the months from March August, inclusive, 
each the eleven stations surrounding this tract. 

Part Table collated from the record rainfall New Or- 
leans kept the Weather Bureau, and part from the record 
rainfall kept the New Orleans Drainage 

These two records showing the difference between 
two records kept the same dates different parts the same city, 
and they emphasize the fact that the records one station cannot 
accepted basis for computations, but that the means all cir- 


*Journal the Association Engineering Societies, Vol. 365. 
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cumjacent stations must used represent the actual precipitation 
any tract more than They also make plain the 
absurdity carrying out such computations more than two places 
decimals. 


TABLE PRECIPITATION, INCHES, THE 


Mar. Apr. May. June. July. Aug. Remarks. 
6.54 12.78 7.19 10.79 8.66 (Greatest years 
5.80 11.70 6.29 9.10 10.82 5.70 for New Orleans, 
5.7 4.53 7.80 12.38 10.67 the other for 
6.50 10.69 8.85 10.91 10.71 8.05 yrs.) 
6.84 8.18 6.07 8.09 9.69 
6.09 12.07 4.30 14.30 8.50 
3.35 2.70 17.61 8.82 14.74 
11.32 18.68 8.01 9.87 
10.64 10.33 7.58 


REQUIRED. 


Table 11, compiled from the records the Weather Bureau, 
shows the monthly mean precipitation and the greatest monthly mean 
precipitation for each the six rice-growing months, with the differ- 
ence between them, and the quantity required for rice cultivation. 
This table shows that once every years, the average, there will 
excess rainfall above the means for that month, and these months 
larger precipitation may occur groups all one year. 

The mean excess, shown Table 11, amounts per cent. 
Table shows that some months excessive rainfall, when water 
required for rice, 4.92 in. more water falls than required, which 
31.83 in., including what will lost evaporation, and adding 
for infiltration. the quantity lost evaporation here 4.17 in. 
more than the mean Crowley and Texas, the quantity water re- 
quired here increased that much more than therequirements those 
places. 
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TABLE MEAN PRECIPITATION, INCHES, FOR 


Month. Monthly. |Difference. Remarks. 
6.49 3.68 2.81 Very 
April.. 11.48 6.08 circumjacent 
May... 6.65 2.24 4.41 stations for 

9.69 5.17 4.52 4.77 
10.70 6.19 4.51 9.08 
31.66 18.19 13.47 31.83 
9.37 4.91 4.46 


From the foregoing, Table has been compiled, and shows the 
quantity required for the land and which supplied rainfall, irri- 
ation and seepage; also, the quantity lost evaporation, leaving 
the remainder pumped off those parts this tract too low 
drain gravity low tide. 


TABLE 12. 
INCHES WATER SUPPLIED BY: INCHES WATER. 
Rainfall. Seepage. Irrigation. Required. evapora- pumped 
tion. off. 
3.68 0.18 3.86 3.79 0.07 
0.27 5.62 3.80 1.82 
2.24 2.35 4.20 0.0 
5.17 5.43 4.98 0.45 
6.83 10.81 17.98 7.39 10.59 
6.19 0.31 2.58 9.08 7.05 2.08 
29.46 1.47 43.66 14.96 


Table shows that, generally, the rainfall and seepage 
tion, the vicinity New Orleans, enough, more than enough, 
for the first four months the rice crop, but that water must sup- 
plied irrigation July and August, the quantity pumped off 
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afterward being about equal that supplied irrigation these 
March, April and June the evaporation nearly equal 
the rainfall, and May nearly double. Comparing the evaporation 
with the quantity required and the greatest monthly precipitation, 
given Table 11, will seen that months greatest precipita- 
tion more than enough rain falls every month, except July, when 
6.37 in. have supplied irrigation. 

The greatest quantity pumped offin any one month 10.55 
in. July. This would equivalent 560 0.88 748 
286 729 gal. and one Menge pump the largest size would 
require days take this water off sections, and pumps would 
days, which rapid. The greater part this 
land, however, elevated ft. more above Mean Gulf Level, 
and this would sufficient drain off gravity, and the pumps 
would only required lower the water the ditches. The pumps 
used for irrigating, those places where siphons could not used, 
could used for drainage simple arrangement valves and 
by-pass. 

The Menge pump may described Archimedean screw, 
perhaps asa turbine wheel, set inthe water and run the opposite 
pump, set with the shaft vertical square wooden box, and run 
with belt from the engine. These pumpsare used extensively 
vicinity New Orleans for and are much cheaperthan even the 
centrifugal pump, which any The largest 
size Menge pump, in., stated capacity 000 000 gal. 
per hr. with lift ft., 333 gal. per minute, which equals 
147.31 acre-feet per hours, equal 155.3 acres irrigated days, 
therefore eight these pumps would sufficient irrigate four sec- 
tions (allowing for land taken levees) in. deep day, the 
whole tract days, supposing the evaporation equal the rainfall. 

The price pump this size $937.50. 

This computation based the rainfall and evaporation being the 
same for this land Crowley. This not exactly correct, but 
not very different. 

stated before, every locality requires separate study and com- 
putation based the precipitation, evaporation, length supply 
canal, etc., that particular place. 
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The writer believes that the most economical plan will run all 
these pumps electricity, electric motor being placed each 
station and connected with central power-house. This will give 
power ready used moment’s notice; dispense with all the 
pump engineers and firemen except one each the central station, 
who will run the whole plant; will save the expense installing 
many boilers and engines; and the expense separate oil tanks and 
pipe line each pumping station, the greater expense trans- 
porting fuel lighters these stations. 

There little wood this tract that this would expensive 
fuel. 

Cost 

The cost reclaiming the swamp lands, open and without trees 
bushes, and supposing them laid out 1-mile sections 640 
acres, and these sections grouped into one tract will 
follows: 

protection levee, say ft. high, with ft. crown and ft. base, 
and slopes to1, will required all around the tract. This will 
thrown the outside the canal from which taken, and its 
size will determine the size the canal, allowance 15% being 
made for shrinkage, which gives, for the size the canal, 30.4 ft. 
wide the top, 6.4 ft. wide the bottom, ft. deep, and with slopes 
head-gate will built connect this canal with the 
nearest navigable bayou creek, allow its being navigated 
boats. 

canal smaller size will built along the center the tract 
longitudinally and also one transversely, allow convenient access 
different parts the tract boats. Smaller canals will dug 
around each section and through the center, north and south, with 
ditches intermediate lines, shown The actual cost, 
laid out this plan, will given Table 13. 

this land should taken single sections, and should 
necessary bring the water long flume ditch, and pump also, 
with reservoir, the cost would amount $16.50 per acre, while, 
the other hand, those locations where pumping would neces- 
sary, but the land could flooded and drained the action the 
tide, previously explained, the cost would only $2.41 per acre. 
Each these cases can occur these lands. 
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TABLE 13. 
Excavation, made into levees, 631 381.2 cu. yd. 

16-in. Menge pumps, eight $987......... 7496.00 
Eight pump houses, and setting pumps...... 
Electric motors (50 h.p.), eight $500.......... 000.00 
Feed wire, No. copper, say miles............ 930.00 
Poles, insulators and 500.00 
Two wooden head-gates, set 000.00 
Plowing, and burning 000.00 

Surveying land and dividing into sections, 
$66 
Contingencies, omissions and engineering, 10%... 656.71 
Total: 480 acres $4.35 per acre...... $73 223.77 


the time required the work the case under 
consideration, which may taken fair average condition, the 
latest and largest improved suction dredges are used dig the canal 
and make the levees, which they can using plank form, 
which would mounted broad wheels and dragged along using 
snatch block and tackle attached the engine the dredge, all the 
canals large size could dug month after the machinery was 
the ground, and the smaller canals and ditches months, some 
the latter being cut the rate mile days. Allowing for the 
time required plow the levee bases, and for delays and stoppages 
incident such work, safe say that the 000 acres could 
ditched and leveed ready for crop rice, with all gates set, 
months. 

The cost operating this plantation, outside “of the farming 
operations, which would done the lessees, would very 
little indeed, and would only the cost fuel and the wages 
three four pump men, and the cost running electric alco- 
vapor launch, used these men visiting the pumps for the 
purpose oiling and repairing them, and the windmills, etc., open- 
ing and closing the water gates and keeping the canals clear weeds, 
total per year $20 000. 
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the income, the opinion unanimous, among all that dis- 
trict with whom the writer has conversed, that these reclaimed lands 


would rent easily and quickly for per acre, $14, with water 
supplied, paid rice. 


TABLE 14. 
Less cost superintendence, fuel and 
commissions and advertising...... 000.00 
first cost, 10%......... 906.38 
Net profit per year, $3.10 per $63 
raised, $10 per $204 800.00 
Less cost superintendence, interest, 
Net profit per year, $8.10 per $165 


the land were planted with rice company, and the rice 
were sold the millers, then, allowing profit 20% from the 
farming operations, which certainly low, and taking the average 
production per acre 14.2 bbl. for this region (the mean several 
statements), the account would stand thus: 


000 acres, $14.2 bbl. per acre 284 000 bbl. 


rough rice $3.50 $994 000 


rice not cultivated crop, only requiring planting, watering 
and harvesting, and fertilizers, the net profit thereon much 
greater than wheat most other crops, and isnearer than per 
cent. highly probable, also, that these lands will produce 
much, not more, than those Georgia and the Carolinas. Dr. 
Knapp states that the profit rice growing per cent.* 

The reports the Department Agriculture state that 
when the first large canal near Crowley, La., was completed and 


Culture the United Bulletin No. 110, Department 
Agriculture. 
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operated successfully, the average price rice lands rose rapidly 
from $10, $15, and $20 per acre.* Rice lands under the large 
canals around Crowley, La., are now held average price $30 
per acre, few choice locations bringing $50 per acre 1901. 

These delta lands are much richer than the prairie lands that, 
measured their productiveness, they should easily bring twice 
much, say nothing their immediate proximity the metropolis 
the State. 

These lands are the same fertile character the rice lands 
the Carolinas and Georgia. The former have produced bbl. 
rice per acre and more than 000 lb. sugar. The prairie lands 
Louisiana and Texas not produce average more than bbl. 
per acre. 

These delta lands, soon they are relieved water, can 
leased small farmers for from per acre per year, for 
bbl. rice where irrigation water furnished and for bbl. when 
the land only drained. some cases the leases, such lands 
this district have been reclaimed, are for one-quarter the crop, 
and, this region, there great demand for these reclaimed lands. 

There doubt that they would worth $200 $300 per acre 
for truck farming when reclaimed, some these lands are only 
miles from the center the City New Orleans, with population 
about 340 000. 
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uable bringing together and contrasting the practice various 
cities the matter permissible loads and stresses. There seems 
good reason why some these differences should exist, and 
hoped the discussion will lead greater uniformity this 
respect. 

the matter determining the bearing power piles, does 
not seem wise incorporate general specification requirement 
based upon formula uncertain practical value, particularly the 
results given are confessedly not relied upon beyond certain 
fixed maximum limits. 

Long ago the writer reached the conclusion that the actual safe 
bearing capacity pile could not determined general 
formula, and tests made him from time time different locali- 
ties seem bear out the correctness this conclusion. 

pile sustained its load transmitting entirely its point, 
there might some reason expect formula based upon the settle- 
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operated successfully, the average price rice lands rose rapidly 
from $10, $15, and $20 per acre.* lands under the large 
canals around Crowley, La., are now held average price $30 
per acre, few choice locations bringing $50 per acre 1901. 

These delta lands are much ricber than the prairie lands that, 
measured their productiveness, they should easily bring twice 
much, say nothing their immediate proximity the metropolis 
the State. 

These lands are the same fertile character the rice lands 
the Carolinas and Georgia. The former have produced bbl. 
rice per acre and more than 000 lb. sugar. The prairie lands 
Louisiana and Texas not produce average more than bbl. 
per acre. 

These delta lands, soon they are relieved water, can 
leased small farmers for from per acre per year, for 
bbl. rice where irrigation water furnished and for bbl. when 
the land only drained. some cases the leases, such lands 
this district have been reclaimed, are for one-quarter the crop, 
and, this region, there great demand for these lands. 

There doubt that they would worth $200 $300 per acre 
for truck farming when reclaimed, some these lands are only 
miles from the center the City New Orleans, with population 
about 340 000. 
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not seem wise incorporate general specification requirement 
based upon formula uncertain practical value, particularly the 
results given are confessedly not relied upon beyond certain 
fixed maximum limits. 

Long ago the writer reached the conclusion that the actual safe 
bearing capacity pile could not determined general 
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ment under the last blow the hammer yield approximately cor- 
rect results, but, well known, under certain conditions, nearly 
the whole supporting power derived from the friction the mate- 
rial penetrated upon the sides the pile, and this friction not 
developed until after considerable period rest. This being the case, 
the settlement the last blow, under such conditions, not the con- 
trolling factor the ultimate result. 

From set tests made the writer some years ago, where the 
piles were driven deep alluvial soil, was found that with settle- 
ft., the pile could safely loaded about 200 per sq. ft. sur- 
face contact, and, one instance, where the settlement the last 
blow was much 26in., the pile carried, without further settlement 
during the time was under observation, live load 
this instance the average diameter the pile was in., and the depth 
the ground ft. 

Upon another occasion, pile trestle, which the piles were 
driven final penetration in., the weight the hammer and 
the fall being similar, settled badly under the same loading, and con- 
tinued settle until the track was taken off, the material penetrated 
being different the two cases. 

The writer does not believe his experience have been all un- 
usual. The method uses test the individual foundation 
actually driving test piles where some positive information cannot 
obtained any other way, and thinks this the only safe method. 

Am. Soc. (by letter).—In the 
writer’s opinion, the specifications submitted this paper are rational 
and complete, and them Mr. Schneider has presented most valu- 
able instrument those having work this kind design. 

the subject wind pressure: The writer, while ago, ob- 
served the erection two buildings just across the street from each 
other, each about sixteen stories high. The framework one appeared 
thoroughly braced for wind stresses, deep girders and gussets; 
the other, apparently, was designed though there was wind 
the vicinity. These buildings have been completed several years, 
and used for office purposes; one appears good the other, 
and would probably hard convince the owners the lighter 
structure that they should have spent more money the steel frame 
their building, should have paid more for something hidden en- 
tirely from view and apparently unnecessary. 

The writer does not mean this advocate designing structures 
this type without regard wind forces, but does believe that 
there are elements strength here which are not always considered. 

The very large direct loads producing practical continuity the 
columns; the accumulated portal effect many girders properly con- 
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nected the columns top and bottom; well-chosen system Mr. 


deep girders, with columns properly located for resisting bending 
stress; and the great resistance offered the substantial outside walls, 
all combine resist effectually, most cases, all wind stresses, with- 
out requiring any actual increase the cost the framework, ex- 
cepting gussets lug angles girders, and extra rivets for 
connecting them the columns. 

The writer thinks that, for completeness, the following clause ought 

little the section possible, the rupture riveted tension mem- 
ber being considered equally probable, either through transverse 
line rivet holes through diagonal line rivet holes where the 
net section does not exceed 30% the net section along the trans- 
verse line. (From Cooper’s specifications, 

and compression members shall have connecting rivets 
placed, far possible, the line passing through the center 
gravity the section, else grouped symmetrically about the same. 

c.—In loeating rivets group intended transfer certain 
stress, they shall placed the axis extended, will 
pass through the center gravity the group rivets. 

—Rivets connecting flange angles girders the web shall 
spaced, any point the length girder, not farther apart (in 
inches) than the product the distance (in inches) between the rivet 
lines the top and bottom flanges, the governing value one 
rivet (in shear bearing, the case may be), divided the shear 
that point. 


The writer also favors using for compression flat unit stress 
500 for values equal less than 60, instead the variable 


unit stress given Mr. Schneider. This simplifies the 
and, for such short columns are ordinarily used structures 
this type, will not affect the final results materially. 


valuable contribution the literature concerning building construc- 
tion, and, undoubtedly, will have the effect improving present 
practice marked degree. the present time, more steel 
wasted buildings than any other branch construction where 
steel used. Bridge engineers have reduced designing science, 
that the steel bridge distributed where most needed, 
and there are few parts bridge structure that contain surplus 
material, but the engineering steel buildings about the same 
condition enlightenment that surrounded bridge building thirty 
years ago, when all parts bridge, from stringers trusses, were 
designed for the same uniform load per running foot. 
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The reason for this is, largely, because engineers are not given 
chance use their discretion the design buildings, but are 
obliged conform with building laws, which must madeso simple 
that they can used men without technical training. Moreover, 
the framing the laws, necessary that they should sim- 
ple that they can understood legislators having little interest 
matters construction. 

The consideration the subject this Society, will, least, 
have the effect furnishing authority for those interested the 
revision laws refer to, and particularly opportune the pres- 
ent time, because, account recent conflagrations, the subject 
building-law revision prominent many parts the country. 

The author, dealing exhaustively with his subject, has opened 
number questions that should carefully considered, and 
question whether has not gone little too far some his 
radical changes present practice. The most 
important question suggested the reduction the uniform load 
per square foot for floors. While the proposed single concentrations 
and loads per linear foot for girders will, most cases, supersede the 
uniformly distributed load floors, does not seem wise 
reduce this uniformly distributed load point below that which 
likely placed upon any floor. The writer thinks that the author 
has laid too much stress upon the experiments Messrs. Blackall 
and Everett, Boston. These gentlemen investigated only three 
office buildings, and not likely that taking three buildings 
random, and making single examination each, really maximum 
conditions would found. determining the maximum loads 
bridge floors, would hardly fair select three bridges ran- 
dom, measure the loads found upon them certain time, and 
consider that the maximum these three was all that would neces- 
sary provide for designing new bridges. sure, the load, 
the form office furniture and fittings, might said typical 
that all office buildings, but, the writer’s opinion, every pait 
every building should have capacity enough carry the load 
crowd people. Even dwelling houses, all know that, occasionally, 
companies will assemble sufficient make fairly dense crowd 
several rooms the According the experiments* 
Professor Johnson and Professor Spofford, within the 
bounds possibility get load exceeding 150 per sq. ft. from 
crowd people, while lb. per sq. ft. represents not more than might 
easily assembled ata social gathering. Ifany parts for 
lb. per sq. ft., with the usual unit stresses the material, 
quite possible that the elastic limit might reached without exces- 
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has been the loading required for dwellings, hotels, etc., number Mr. Worcester. 


cities, low enough, though, with the alternative concentrated 
loadings, seems this might applied office buildings and 
public assembly rooms, schools, 

Taking the detailed provisions the specifications, the writer 
would suggest the following modifications: 

Paragraph 6.—The words likely to,” the second line, 
should changed ‘‘can,” and the word should 
inserted before ‘‘live loads,” that the paragraph would read: 

roofs office buildings, hotels, apartment-houses, 
which loaded crowds people, shall treated floors, 
and the same distributed live loads shall used specified for 
hotels and 

Paragraph 10.—The reduction live loads columns should not 
apply warehouses which are likely loaded all floors the 
same time. 

Paragraph open question whether per sq. ft. 
not excessive wind pressure allow city buildings. Possibly, 
the author intends allow certain amount discretion what 
should considered exposed surfaces.” any rate, seems 
would safe not require special wind bracing steel frames 
buildings which the least horizontal dimension great greater 
than the height. 

Paragraph would better not include 
with soft wet sand frequently has much greater supporting 
power than ton per sq. ft. The writer would recommend increasing 
the allowable load for ordinary clay tons, and for dry sand and 
dry clay tons, and for hard tons. 

Paragraph allowable pressure hard-burned brick with 
Portland cement mortar might safely increased The 
pressures allowable for Portland cement concrete seem unnecessarily 
conservative; tons per sq. ft. safe with either grade Portland 
cement concrete mentioned. 

Paragraph pressures under wall-plates brickwork 
with cement mortar, rubble masonry with cement mortar, might 
first-class sandstone 400 granite, 800 all right, and 
seems were advisable have one pressure specified instead 
upper and lower limits. 

Paragraph 19.—In adopting the bridge formula for compressive 
strains columns, the author proposes very different units from those 
commonly allowed. The diagram, Fig. shows the strain per square 
inch allowed various formulas. ordinates give the unit strain 
and the abscissas proportions between and 300. evident 
from this diagram that there wide divergence opinion the 
proper allowable units, and seems the writer that, where such 
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Mr. Worcester. great variations are found between different authorities, absurd 


split hairs calculating different unit strains for each variation 
the value alternative rule for compression, which 
would give inevery case safe results and much easier applica- 
tion, the following suggested: 

being expressed feet and inches. The unit strain allowed shall 
decrease 000 lb. for each succeeding increase the ratio 

The result this rule also plotted Fig. and shown 
the stepped line. the use this rule, practically all the columns 


FORMULAS FOR STEEL COLUMNS. 


[Rule proposed ty 
shown by dotted | 


Allowable strain per square inch. 


vriter | 
tines | 


50 100 150 200 250 300 
Values of Ratios of L 


** Average between values for medium and soft steel. 
+ Using Rankine’s reduction formula. 


the same tier building would calculated for the same unit 
strain, and this would round number, whereas close figuring 
any other rule would require large majority the columns 
calculated separately. The economy this readily appreciated 
those who have had experience designing building framework. 

Paragraph 28.— The author’s limit for compression members, 125 
times the least radius, would many cases necessitate large increase 
material, particularly roof trusses. 

Paragraph 29.—The rule allowing the web calculated 
the flange area plate girders unsafe without the provision that, 
where thus used, splices must made points where the total flange 
section not required, special provision must made splicing 
transmit bending moments. 
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Paragraph 33.—A limit the depth would Worcester. 


cases infringe architectural clearance way that would very 
troublesome. The rule should arranged soas provide for beams 
shallower proportions than this, using properly increased unit 
strains. 

Paragraph iron allowable for column bases, even 
nowhere else, limiting tensile fiber strain should specified. 

Paragraph would interesting know why the author 
considers necessary use, for wooden columns, formula based 
Gordon’s, while, the case steel columns, applies straight- 
line formula. There even more variety requirements for wooden 
columns than there for steel, shown Fig. which are 


FORMULAS FOR YELLOW-PINE COLUMNS. 


Rule proposed by writer 
shown by dotted lines 
1 


Allowable compression per square inch, 


0 10 20 30 40 
Ratio length least dimension. 


plotted the strains allowed yellow pine the cities quoted the 

Appendix. The writer would suggest substitute the following: 
may used with length not exceeding times the 

least dimension. The unit strain for lengths times the least 


dimension shall given Table with reduction 100 
per sq. in. for every increase the ratio length least di- 


mension.” 

Paragraph would the interests permanence con- 
struction the limiting thickness the material the outside walls 
were made in., and where the protection likely not more than 
or, most, in., brick, seems this requirement should 
insisted upon. 

Paragraph 45.—A rule for the placing tie-rods, based upon 
nothing except the depth the beams, extremely rough. many 
kinds construction where flat slabs are used, for instance, where the 
slab rests top the beam, tie-rods are practically superfiuous; 
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while, the other hand, where brick arches are used 
floor construction, quite possible that the spacing eight times the 
depth the beam would altogether too great for small rods. 
make this paragraph correspond with the thoroughness the re- 
mainder the specification, seems rule should given 
which the tie-rods could properly. The only uncer- 
tainty this point how much dependence should placed 
upon the support afforded the arches adjoining bays. 
unnecessary the rods one bay resisting the entire 
thrust from the arch that bay, provided the bay one series. 
asimple rule, which approximately correct, suggested that 
rods sufficient resist half the total thrust should provided. 

Paragraph Connection angles” may mean variety styles 
connections, some which are not desirable. 

Paragraph 54.—The question might asked: What should 
provided the way splices there bending strain? 

Paragraph many instances trussed purlins are economical 
and good practice. The reason for prohibiting them should further 
explained. 

Paragraph 61.—In members composed two angles only, the 
maximum pitch, in., altogether too short, and does more harm 
than good. 

Paragraph 80.—The application this building construction 
would rare make the clause 

O’Brien, Assoc. Am. Soc. E.—This paper has 
proved interesting that the speaker has taken occasion review 
quite carefully. 

what follows not the speaker’s purpose criticize the 
author, but merely call attention some points which seem 
need more explanation than has been accorded them. 

Mr. Schneider advises that all floor beams for floors office build- 
ings tested for the maximum effect thereon concentrated load 
(equivalent the weight the larger portable office 
safes). evident that safe weighing 000 has any appre- 
ciable area, one floor beam (under usual conditions) would not sup- 
port the entire weight; therefore, 000 lb. will liberal and not 
actual value, assumed concentrated one floor beam. 

Similarly, regard the load per lin. ft. determined 
from the weight filled plan case, the author assumes the entire 
load one floor beam, although gives width in. for his 
plan case. course, someone should pile the cases two high, the 
author’s assumed loading would increased. However, his assump- 
tion the entire 326 lb. per lin. ft. one beam liberal that, 
doubtless, would cover the possible condition just referred to. 

The speaker’s contention regard distribution load ad- 
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mitted the author the case the book cases, but not the case Mr. 


the concentrated load. 


The author states the last paragraph the section entitled 
Loads”: 


proportioning the members the structure for these tempo- 
rary wind strains, permissible allow higher unit strain than 


for permanent work, say 0U0 Ib. per sq. in., about two-thirds 
the elastic limit.” 


The speaker has been accustomed the use some such liberal 
unit strain for wind bracing only, using the usual value for perma- 
nently loaded members, and thinks this practice conformity 
with strict interpretation the New York Building Code. The 
author would permit increased unit value for strains due wind 
the entire structure. carry out the author’s suggestion 
only necessary reduce the wind strains permanently loaded 
parts the structure the ratio the larger the smaller unit 
value. For example, the permissible unit strain for dead loads 
000 per sq. in., and the supporting member considered sustains 
wind strain intervals equal 000 then fifteen-twentieths 
wind strain added the dead-load strains the member, giving 
total strain which, when divided the working unit for dead load 
(15 000 lb.) would satisfy the author’s recommendation. 

the author’s suggestion this particular generally adopted 
will necessary make the building laws more explicit. 

Paragraph the specifications, the author gives item, 

plate-girder web (gross section) 000 per sq. in.” 

Before coming New York City the speaker had been accustomed 
use the gross section determining the girder webs for building 
work, but when engaged writing designers’ specifications for some 
New York City work, the design which directing, made 
careful inquiry regard New York City practice this particular, 
and found that, even those concerns accustomed exceptionally 
economical frames used the net section determining plate-girder 
webs. sure, the reduced strain the gross section the web, 
web rivet holes are deducted, makes the girder proof against buck- 
ling most cases and, except where good practice requires stiffeners 
for other reasons, they could omitted. 

seldom, however, that increased web-plate section versus 
stiffeners comes for consideration, related solely the plate- 
buckling value, that the practice deducting web rivets seems the 
speaker outgrowth some other consideration. 

searching for this other consideration, the speaker was con- 
fronted with the possibility loose rivets the end-bearing stiffeners, 
but, the reaction gets into the girder through the medium the 
rivets the end connection bearing, and the vertical forces the 
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girder reach the abutment through the same medium, the loose rivets 
would cause increased strain the tight ones, and these rivets 
capable resisting failure from such strain would, the plate 
tended shear, meet the resistance two vertical shearing surfaces 
the plate, appears that, for consideration purely vertical shear, 
particularly with machine rivets (which are seldom loose) the end 
stiffeners connection angles, not necessary deduct rivet holes 
determining the web section. 

Another point that, possibly, the case girder riveted be- 
tween two columns, deflection would cause tension the web coin- 
cident with vertical shear, resulting action which might 
cause failure the end-riveted connection. 

The speaker convinced, however, that unnecessary, except 
perhaps for heavy railroad bridges (where very great rigidity re- 
quired), use the net section designing plate-girder webs. 

Seaman, Am. Soc. E.—This paper thorough 
its preparation that there little room for criticism, but there are 
few points difference practice which attention might 

The provision the New York Building Law (Paragraph 10), that 
the loads the columns buildings more than five stories high, 
reduced, considering that the lower floors carry the lightest loads, 
seems give erroneous interpretation the original purpose 
the modification from the full load. provides that floors nearer 
the roof may considered fully loaded, while those nearer the street 
would considered only half loaded. This contrary probable 
conditions. The floors nearer the street would naturally loaded 
first, and, acrowded building, wouid more likely remain fully 
loaded than the floors above. 

The purpose the law would seem provide for the reduc- 
tion the average simultaneous load all floors, rather than merely 
the unequal loading the different floors. The speaker, therefore, 
would suggest the following revision the wording Paragraph 10. 

For buildings more than five stories height, these live loads 
may reduced follows: 

For columns supporting the roof and top floor, reduction. 

columns supporting each succeeding floor, reduction 
the total live load may made, until 50% reached, which 


reduced load shall used for the columns supporting all remaining 


This will give slightly decreased sections, but will make ample 
provision for safety, and, very evidently, was the original purpose 
these laws. 

The provision for uniform dead load pressures the foundations 
excellent one. 

The use the empirical right-line column formula, instead the 
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rational one Rankine, unfortunate, although this form has come Mr. Seaman. 


into quite common use. The empirical not more accurate than the 
rational form, and more limited application, shown Para- 
graph 28. The two forms are usually reduced tables, diagrams, 
and are equally convenient. from the rational the em- 
pirical seems step the wrong direction. 

The its adoption here shown Paragraph 37, 
where the Rankine form used for timber. 

The provision (Paragraph 25) that connections subject alternate 
strains ‘‘shall proportioned for the strain giving the largest sec- 
does not seem sufficient. Reversal strain the greatest 
eause deterioration old structures. soon the strain 
member relieved, reversed, gives opportunity for wear, and 
should require greater section than the strain acted continuously 
one direction and were constantly applied. 

quite common practice allow one-sixth the gross section 
the web plate girders available flange area. The plate 
girder has advantage strength and stiffness over other forms 
built beams, and, restrict the use web area one-eighth (Para- 
graph 29) seems unnecessary refinement, this class 
work. 

The provision (Paragraph 49) that floor girders shall riveted 
columns means connection angles, implies that shelf-angle sup- 
ports, alone, are not sufficient. would well, also, avoid the 
use bolts wherever practicable. Shelf-angle and bolt construction, 
now quite common use, has little advantage over cast-iron column 
construction, present generally, though perhaps unjustly, con- 
demned. Under these loose conditions, the wrought-iron column 
has not even the advantage cast iron protection case fire. 
might better, however, specify that floor girders shall pre. 
ferably riveted columns web connections, since the connection 
Z-bar column, making splice connection the diaphragm 
through the center the column, the web plate the girder, 
makes exceedingly rigid connection, desirable where the 
ironwork expected resist vibrations. 

Under and Workmanship,” Paragraph provides for 
modification elongation, material less than in., and more 
than in. thickness. This might well omitted. Material more 
than in. thick should not used, not worth while make 
special provision for material less than in. thick. Thin material 
generally used for fillers, and need not tested. Concessions 
required elongation thick material usually mean that receives 
less work manufacture, and should receive less strain design. 
convenience manufacture, but its use should avoided. 
The special case pins and rollers provided elsewhere. 
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The use pneumatic hammers, instead hand riveting, insures 
much better work than formerly. Provision should also made for 
the use oil rivet-heaters, instead thehand forge. Whenthese were 
first introduced upon the New York Subway, several years ago, they 
both met with considerable opposition; but they won their way into 
favor, being both economical and efficient, and have since come 
into very general use the field. The labor unions object the use 
the oil rivet-heater, because one man may supply several gangs, but 
these heaters are superior the hand forge that their use justi- 
fied, for only one gang 

The provision that, cutting out rivets, care shall 
taken not injure adjoining dangerous clause 
place the hands inexperienced impractical engineer. 
well-heated rivet used replace the one removed, ordinary care 
would sufficient, the metal not likely injured seriously. 

The last eleven words Paragraph 65, unless not responsi- 
ble for the design the work,” should omitted, faulty design 
always the designer’s responsibility, and should receive protest be- 
fore testing. 

closing, the speaker wishes offer his thanks and his congrat- 
ulations for very well-considered and exhaustive paper. 


Am. Soc. E.—Mr. Schneider’s opportune 
paper the structural design buildings discusses the present 
practice concisely, and, the comparative tables compiled from 
the building ordinances various cities, discloses such surprising 
diversity opinion loads and allowable stresses, that will 
undoubtedly much lead discussion matters where opinions 
seem differ widely, and crystallize the thought construct- 
ors this line work, produce more uniform practice. 

perhaps logical that the building laws different cities should 
prescribe different loads within certain limits, depending upon local 
conditions, but surely the safe stresses for materials construction 
need not vary for different localities. 

The author very pertinently calls attention the rational design 
floors considering the effect concentrated load, well 
uniformly distributed load, and proportioning the floor joists and 
girders meet the most severe condition. This method designing 
highly desirable, for all the reasons pointed out the author, and 
for the further reason, which did not mention, thatit would 
more complicated method than the one now vogue, under which 
every architect’s office boy thinks competent pick out the 
right-sized beams from rolling-mill handbook, and thus might lead 
the more general employment competent engineers design 
framework steel buildings, where mathematical computations are 
desirable. 
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Another point which the author has brought out very forcibly Mr. Smith. 


the theory designing foundations compressible soils, with the 
area the foundation made proportional the dead load, consider- 
ing the live load only factor determining the allowable unit 
pressure the soil. This very scientific, and should lead good 

The emphasis laid the author the importance considering 
wind pressure should much offset the carelessness this respect 
that manifested many designers buildings moderate height. 

Surely the framers the present Building Laws the City 
New York overlooked such structures pier sheds and freight sheds 
when they drew Section 140, which ends follows: 

buildings under 100 ft. height, provided the height does not 
exceed four times the average width the base, the wind pressure 
may disregarded.” 

the time these Building Laws were being discussed, the speaker 
attended public arranged the Board Aldermen for 
the purpose entertaining any objections that might made the 
proposed Law, and argued quite length the defect this sec- 
tion wind pressure. Unfortunately, delegate from the Plumbers’ 
Union was next heard and made such fuss about certain provisions 
the law requiring less assistance from the plumbers than might 
have been for that the defect pointed out the speaker was 
entirely forgotten. 

fortunate that Mr. Schneider has brought the question 
wind pressure the way has. stated the beginning his 
paper, invites discussion and criticism the proposed specifica- 
tions and the many new statements and figures contained therein. 

Confining this discussion Part Design,” the speaker has the 
following suggestions and criticisms offer the subject matter 
the following paragraphs: 

Paragraph 3.—Table proposes new requirement, for loads 
buildings, which intended more nearly accordance with the 
actual loads which the buildings will called upon sustain. 
office buildings, proposed uniformly distributed load per 
sq. ft. floor called for. The average the requirements eight 
cities, this respect, given Table Ib. per sq. ft. 

The application Table will show, pointed out the author, 
that most cases the floor would designed for the concentrated 
loads and loads per linear foot girders, whether the distributed 
load were taken lb. per sq. ft. floor, and the concen- 
trated loads and loads per linear foot seem have been chosen very 
wisely. Therefore, the following remarks about the distributed load 
are somewhat academic. Nevertheless, the light distributed loads. 
prescribed for office buildings, assembly rooms with fixed seats, and 
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ordinary stores, first glance look like radical departure from 
present practice, and seem the speaker have bad 
effect For instance, the architect’s office boy may still venture 
the problem and get his figures tangled that floor may de- 
signed for per sq. ft. instead for the concentrated loads pre- 
scribed the table, and easier and safer avoid such mistake, 
prescribing heavier distributed load, than would detect 
the mistake after the plans were out. 

The real reform aimed revising the distributed loads 
Table probably the design would appear later 
the provisions Paragraph This reform, however, could doubtless 
accomplished some other way. 

distinction made Table for distributed load between as- 
sembly rooms having fixed seats and assembly rooms without fixed 
seats. the speaker does not seem proper make this distinction, 
because dancing floor frequently constructed over the tops the 
seats such rooms, and, even when the seats are used, audience 
quite apt stamp unison, which would have nearly the same effect 
the floor dancing marching would have. 

Again, ordinary stores light manufacturing buildings would 
seem involve very similar loading office buildings, and for 
this service seems very light. The average the requirements 

The speaker agrees with the author that, many cases, the loads 
assumed for floors have been excessive, and thinks that all the author 
has said about reducing the load columns and foundations 
sound, but when there much money available for ornamentation 
office buildings, there does not seem reason for 
lightening the floor construction buildings this class much 
Table might allow certain cases. 

dwellings, the other hand, there positive advantage 
economizing the design that steel-framed buildings may within 
the scope the usual appropriation. The only reason why steel- 
framed dwellings are not more generally adopted the higher cost, 
and the loading prescribed Table will something reduce this 
and thus encourage the construction dwellings this class. 

The speaker would suggest, therefore, that office buildings, 
assembly rooms (with without fixed seats), and ordinary stores and 
light manufacturing buildings, should grouped together and 
designed for distributed floor load not less than per 
sq. ft., with the further provision for concentrated loads and girder 
loads given Table 

Paragraphs and 8.—There would seem typographical 
error placing the weight corrugated sheeting purlins Ib. 
and gravel boards having steep pitch Why should not 
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the dead load roofs provided for floors Para- 
graphs and and only the live loads discussed Paragraphs 
and 

For the past eight years, the speaker, with unvarying satisfaction 
himself and his clients, has used the general specifications for 
roofs and iron buildings, Charles Evan Fowler, 
which fourth revised edition was issued 1801. The loadings 
Fowler’s specifications, both for wind and snow, seem preferable 
the loadings given Paragraphs and 

9.—The distributed loads prescribed Table were 
doubtless selected with the design the columns view, and, 
changed suggested the speaker, would involve the rewording 
this paragraph. 

Paragraph 12.—A wind pressure per ft. called for 
the New York Building Laws, for buildings more than 100 ft. high, 
with allowable unit stress 50% more than for dead live loads. 
Fowler gives lb. for buildings less than ft. high and Ib. for 
buildings ft. high, with extra allowable unit stress. 

The author prescribes wind pressure per sq. ft., with 
excess the allowable unit stresses. and provides further that 
the framework shall figured independent structure and de- 
signed resist wind without walls, partitions floors. ob- 
viously true that the wind pressure cannot quite great near the 
ground issome distance above it, and also probably true that 
large areas cannot subjected the same pressure per square foot 
small area would be. For instance, the flat side building 
must have wedge dead air front it, which would probably 
have the effect reducing the total wind pressure the projected 
area perhaps one-half. the other band, the small areas the 
frame structure not have this advantage, and, these small 
areas, would not better take per sq. ft., com- 
monly specified for wind pressure bridges? would appear, also, 
make simpler computations the assumed wind pressure the 
side the building were reduced and additional unit stress 
allowed the frame, which the method computation adopted 
Mr. Fowler. 

Paragraph 13.—The permissible pressure foundations dif- 
ficult describe general specifications and, certain sense, be- 
ing not quite relevant the design the building itself, that might 
advisable omit Paragraph altogether. If, however, some spe- 
cification for pressure desirable, the depth the foundation should 
enter factor. borrow some words from Naval Architecture, 
apparent that the buoyancy the function the depth 
the displacement the building other structure. 

Paragraph 14.—It noted that the author has given Port- 
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land cement concrete considerably higher value than bricks rubble 
masonry laid Portland cement mortar. the allowable values 
given the Building Laws the City New York are correct, the 
proposed value hard-burned brick and rubble Portland cement 
mortar, given the author, would seem low. 

Paragraph 16.—No formula has been suggested for determining 
the bearing power piles driven asteam hammer. The speaker 
not prepared suggest any formula for this class work, but 
would call attention the desirability one. 

Paragraph 21.—There would seem error 
prescribing 600 for the pressure expansion rollers per linear foot. 
Probably per linear inch was intended. The late Johnson, 
Am. Soc. E., gives for this pressure were 
taken in., the author’s formula would give one-half Johnson’s 
allowable load, but were taken equal in., the allowable pressure 
would the same both formulas. From superficial inspection, 
would seem more logical take the pressure directly propor- 
tional the diameter than tothe square root the diameter. 

Paragraph 22.—It seems the speaker unsound treat com- 
bination transverse loading with tension compression the same 
formula. Certainly, transverse loading compression member 
more dangerous the safety structure than the transverse load- 
ing tension member. 


Paragraph 29.—The speaker would prefer have the second sen- 
tence read: 


compression flange shall have least the gross sectional 
area the tension flange, etc.” 

Paragraph 30.—The speaker would suggest adding the words, 
shall preferably designed strut with transverse loading 
with adequate moment inertia The speaker happens 
the present time strengthening crane run-way which the 
length the compression flange was times its width, but which, 
the flange had been one-twentieth the length the girder, the 
result would probably not have been satisfactory. 

Paragraph 33.—The limiting depth roof purlins, continuous 
over more than one span, may less than one-thirtieth the span 
and give satisfactory results. The speaker’s practice for continuous 
purlins over three supports, has been: 

4-in. purlins for 12-ft. span, 


The last size purlin one-thirtieth the span, but the others 
are less. 
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Paragraph speaker would suggest making this paragraph Mr. Smith. 


read: 


The strength connections shall sufficient develop the full 
strength the member, except the case shapes used tension, 
where extra material has been used reduce deflection distortion.” 

45.—The speaker would call attention the fact that 
per foot span for tire-proof floor very considerable de- 
flection allow the load producing apt occur frequently. 

Paragraph would wise add this paragraph: 

shelf angles other supports are calculated take any 
share the load imposed the end beam plate girder, the 
beam girder shall riveted securely the shelf angle other 
support.” 

The object this requirement assure the bearing the shelf 
angle that was assumed the 

Paragraph provisions this paragraph are frequently 
difficult meet, the case the intersection the top and bottom 
chords flat triangular roof trusses, without making the depth 
the truss over the supporting column shallow not provide 
suflicient metal take care the shear. would desirable 
add, take care this and other similar cases, the words: 


And when this impracticable, the resulting eccentricity must 
computed and provided 


Paragraph the case long roofs, such pier sheds, 
not necessary that all the roof trusses shall braced pairs, for the 
reason that the purlins roof planking can relied upon sustain 
intermediate trusses, if, suitable intervals, pair roof trusses 
braced together. Perhaps would sufficient obtain good con- 
struction this paragraph were made read: 

least the roof trusses building shall braced 
together pairs suitable intervals the plane the top chord, 
the roof covering carried purlins jack-rafters.” 

roof planking secured directly the trusses, which fre- 
quently the case, the planking can relied upon for sufficient 
bracing. 

There would seem gain bracing the bottom chords 
the roof trusses, unless special should necessary take 
care the wind pressure against the sides ends the building 
bracing the plane the bottom chord. Roof trusses the old 
style, with round wrought-iron rods for tension members, were not 
braced the plane the bottom chord, and they seem get along 
quite well trusses the new style, built angle iron, where 
the convenience the connection seems tempt the designer add 
lot bracing. 

The bottom chord truss tension, and, necessarily, 
takes the shortest line between the points support, and will stay 
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there, consequence the load the truss, without any bracing. 
The requirements Paragraph would seem call for unnecessary 
bracing. 

Paragraph 79.—Expansion rollers, considerably less than in. 
diameter, would seem have legitimate field for use under such 
girders and trusses are apt found building design. 

Paragraph wording this paragraph would indicate 
that columns not strained tension their base need not an- 
chored the foundations. has always seemed the speaker 
advisable anchor, least dowel, columns foundations, whether 
not they are strained tension, for the reason that changes 
temperature minute vibrations, moving the base the column, 
always the direction the least resistance, would tend make 
off the foundation, and, although this would impossible 
the case large building supported many columns and sunk 
some distance the ground, would possibly tend set trans- 
verse stresses the unanchored columns keep them place 
their foundations. 


Jr., Assoc. Am. Soc. (by letter).—The 
writer does not think that the per sq. ft. uniform live load, for 
hotels, theaters, schools, very timely specifications, 
high enough. would seem greater value should 
used hallways, lobbies and assembly rooms, theaters and 
college buildings. the load, 156 per sq. in., obtained 
Professor Spofford, did not require uncomfortable crowding, then 
much higher loads than must frequently occur. 

Students leaving classroom, coincident with the arrival the 
coming class, would increase the load carried the hallway beams 
and girders more than this figure. class whether 
impromptu premeditated, coming under the writer’s observation 
while college, the men were ‘‘very crowded over 
hall area about 300 sq. ft. 

With the possibility similar loading, would seem desirable 
specify live load 100 per sq. ft. for beams and girders. 

Paragraph Part paragraph, worded, would 
relieve the contractor the cost members which might faulty 
design and deficient unit strength; whereas the latter considera- 
tion should cause the rejection the material. modification, 


suggested that the paragraph worded: 


does not develop the specified unit stress the point 
maximum stress, will considered rejected material and solely 
the cost the contractor.” 

Assoc. Am. Soc. E.—This paper forms 
valuable contribution engineering literature, particularly because 
deals with branch which the utmost importance the capi- 
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talist, the engineer, and the buildings, but which, Mr. 


strangely enough, has received much less critical investigation and 
based more variable practice to-day than almost any other line, 
unless that concrete. both these subjects engi- 
neers seem have reverted those old Hebrew times when every 
man did that which was right his own eyes, and naturally wrong 
his neighbor’s. The ingenious methods proposed Mr. Schneider 
must tend bring every man and his neighbor into greater uniform- 
ity, and along lines that seem self-evidently reasonable. There may 
difference opinion regarding the precise figures apply floor 
loads, working stresses, shop practice, quality material, but the 
method proportioning the structure, from the floor joists down 
the foundations, logical, and line with what has proved 
bridge construction, promises result greater conformity 
and security, and with better disposition material, probably 
greater cost. that these specifications could not 
receive the test actual use basis for more intelligent criticism 
this time. 

The particular feature the specifications which the speaker pro- 
poses their practical result, which appeals those special- 
izing structural work. The floor joists would generally some- 
what heavier than existing practice; short would consid- 
erably heavier, and floor girders would somewhat lighter. These 
would reduce the total thickness floors, and mini- 
mize projecting girders, which, hotels and loft buildings, where 
partition arrangements are subject change, very desirable. 

Unduly light coping and other connections would eliminated, 
resulting, not only greater strength under concentrated floor loads, 
but also allowing more security the erector the way derrick 
fastenings and guy-line hitches, for the man the job will hitch 
the handiest piece, which also generally the smailest. Increased 
uniformity coping connections would feasible, permitting the 
use multiple punches, and facilitating the preparation shop de- 
tails. There would less variety the sizes beams required, 
thereby securing quicker rollings material the mills. There 
would less violent changes the column sections from story 
story, the lasting happiness the shop draftsman, and also per- 
mitting fewer sizes fire-proofing and masonry. The 
method foundations seems admirable, especially 
where rock not reached. 

Paragraph 16.—The explanation, weight hammer, 
should inserted this paragraph. 

There apparent discrepancy between the allowed use 
Bessemer steelin Paragraph Part and the chemical require- 
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Paragraph Part iron allowed for column bases 
and bearing plates, and Paragraph Part its allowable 
unit stress compression given; but, proportioning the thick- 
ness such plates, bending must caleulated, and the allowable 
unit stress tension should inserted. suggested that 000 
per sq. in. would proper, combined bending stress 000 
per sq. in., the average cross-section between ribs, would allow 
ready calculation, with fair, not accurate, results. 

The most serious omission, however, occurs Paragraph 
Part II. The specifications allow the use cast iron for base plates, 
but not stipulate closely enough the necessary safeguards, and 
that, too, items which sustain the entire weight the building. 
Provision made for tests and finish, but there silence regarding 
the most important feature cast iron, namely, its inspection 
every stage, and particularly early morning inspection cast- 
ings, poured over-night, while being shaken out. One great advantage 
rolled steel its accessibility inspection every stage, and 
cast iron, used all, should similarly accessible. illustrate 
the need this inspection, one need but glance the advertising 
pages any foundry journal, where such names Smooth-it-over,” 
Pile-it-on,” Filler-up” are given substances sold for the pur- 
pose concealing defects castings. The foundry-man welcomes 
visitors inspect the mysterious methods sand sweep moulding, 
witness the sprays sparks that fly from the molten metal 
while heat béing taken off night, but one should see the result 
the gray dawn the morning after,” before can 
doctored. 

During the middle ages progress was slow, for the reason that all 
crafts were secret. The advance the modern use steel due 
largely the opposite policy, and the facilities for inspecting the 
product all stages, not only ensure its reliability, but offer oppor- 
tunities for each steel master improve his neighbor’s methods; 
nor have they been slow One reason why there to-day 
much doubt the safety cast iron (an excellent material its 
proper place) because short-sighted iron-founders have attempted 
force its use where has place, and have bolstered their claims 
statements which cannot investigated account their se- 
cretive policy reference its most important period, namely, just 
after cooling. Until this attitude, relic medieval barbarism, 
removed, will not possible estimate properly the real value 
cast iron engineering material. 

Some the very valuable tables placed the appendix this 
paper should removed the body the specifications fot clearer 
reference. 

Am. Soc. (by letter).—It very de- 
sirable that specifications for the structural features buildings 
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should brought into some general uniformity based technical Mr. Cooper. 


common sense. course, absolute uniformity not expected, 
for even experts are not yet harmony the minor details any 
class construction. Mr. Schneider has done good work 
bringing important subject for consideration and discus- 
sion. 

the discussion tends produce any substantial agreement 
live loads used for the various cases everyday practice, 
should, great advance will have been made building practice. 
the subjects, unit strains, details construction, shop practice 
and material specifications, there are less differences, differences 
which would useless discuss until there reasonable agree- 
ment the live loads which are 

practice, the concentrated loads which determine the 
strength safety the floors and building. Uniform loads, 
ciently high cover concentrated loads, produce wasteful con- 
struction, without any compensating the building. 

The method proposed Mr. Schneider, adopting uniform load 
sufficient cover all cases, where the load may uniformly distri- 
buted, and then supplementing this with concentrated load pro- 
vide for any excessive local loadings, the line economic and 
therefore good 

The distributed load adopted the author for people 
and ordinary fittings rooms and offices is, the writer’s opinion, 
liberal allowance. Rooms are not loaded dropping the last pos- 
sible person into the seething mass below means tackle, has 
been done, determine the weight crowds. 

assembly room any kind, great local concentration 
people may caused fire, fight, panic, yet the load over the 
whole floor will not increased. Most people have experienced the 
discomfort crowded Elevated Railroad car, when not another per- 
son could squeezed inside the gates. Such crowd numbering 
about 120 persons and not weighing more than 000 contained 
space about 400 sq. ft., including platforms, lb. per 
sq. ft. 

weight this kind would not expected living office 
rooms, theaters, churches, schools, armories, ballrooms, over 
the whole floor. popular reception might produce this, 
somewhat larger loading the aisles corridors, the 
stairways, but this would taken care the concentrated load. 

The author has allowed for impact and vibration, has in- 
creased his uniform local for ballrooms, drill rooms, ete. 
This liberal, for when people are packed weigh per 
sq. ft. floor, there will not much marching dancing. Instead 
this allowance all cases, would better aad more just 
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make the allowance variable with the dead weight the floor, 
heavy solid floors should have advantage over those light 
weight. 

The concentrated loads adopted the author appear have been 
well selected for the several cases. 

Paragraph this paragraph the word should 
omitted, and the words foundations not exceed” 
used instead. not safe define the permissible pressures 
foundation solely general classification soils. Limiting press- 
ures may specified, subject reduction local experience 
examination. 

The classifying soft clay and wet sand together must typo- 
graphical error. 

37.—The straight-line formulas for timber, deduced 
from the Watertown tests timber, should used, simpler 
form and based actual tests. 


that the presentation this paper will lead the adoption, through- 
out the country, uniform set standard specifications covering 
all systems building construction. 

view the extremely short time usually allowed engineer 
for designing the structural portion building, any general infor- 
mation which can embodied the specifications, any clause 
which will lessen much possible the amount 
involved, will contribute save valuable time. the matter dead 
loads seems if, considering the large number well-known 
systems floor construction, they might divided into groups 
classes with approximate dead-load value for each class, as, for 
example, flat-tile arches, segment arches, concrete slab construction, 
include each case the weights all the material make 
the finished floor. 

The weight partitions often forms very large proportion 
the dead load, and, frequently happens, their location materially 
changed after the structure completed. Under such circumstances 
would seem advisable provide the not only for 
the partitions they are shown the plans, but also for every other 
possible location, else make suitable provision the assumption 
the live load. 

The live-load units, specified most the building laws, seem 
excessive, but, the writer’s opinion, the dead-load units for 
floors are often guessed at, and the partition weights neglected alto- 
gether, that the result given the combined loads not 
excessive. 

The following live-load units are suggested: 

For apartments, dormitories, dwellings, hospitals, hotels, ete., 
per sq. ft. 000 Ib. concentrated any point. 
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For schools, theater galleries, and churches, per sq. ft. 

office buildings, above the ground floor, Ib. per sq. ft., 
000 concentrated any point. 

For ground-floor oflices, stores, manufacturing, stables and 

For assembly rooms, main floors theaters, armories, and their 
corridors, for any room likely used for drilling dancing, 
100 Ib. per sq. ft. 

For sidewalks front stores warehouses, not uncom- 
mon see large quantities merchandise piled up, heavy 
machinery carried over, that load 250 per sq. ft., 
concentrated load from 000 does not seem excessive, 
but, for sidewalks front dwellings, much lighter load might 
specified. 

For lofts, storage, printing houses, for heavy manufacturing 
purposes the live load should determined the requirements 
the business. 

the bearing beams girders walls, suggested that 
for convenience the area the bearing made bear some relation 
the size the beam used. Referring the tables the strength 
beams the Mill Handbooks, and taking the maximum safe loads 
for the shortest spans given, the end reactions are such that, the 
area the template required equal the square the depth 
the beam, the pressure will not exceed 250 per sq. in. (except 
possibly the heaviest sections and 15-in. beams, which are 
rarely used). the beams are usually built into solid wall 
comparatively long intervals would seem that the pressure 
250 Ib. per sq. in. would well within the limit safety. 

length bearing the template two-thirds the depth 
the beam would ample. 

Would not well embody the specification one more 
relating furnishing for record the data upon which 
lations are based, with such diagrams stress sheets may 
necessary? frequentiy happens, where alterations are made 


existing structures, that such information necessary, and rarely 
found. 


the writer great pleasure, recognizes many the objections 
the common practice designing accordance with the empirical 
rules laid down the different building codes. 

The question materials used and loads supported 
was discussed the Brooklyn Chapter the American Institute 
Architects February, 1904, and paper, presented the writer 
that occasion, was published News April 14th, 
1904. Examination that paper will show the writer’s opinion 
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most the questions discussed Mr. Schneider, that unne- 
cessary discuss them detail now and give reasons for that 
opinion. 

The writer thinks that all engineers should agree the general 
propositions advanced the paper above referred to, and Mr. 
Schneider’s admirable namely: 

First.—That floor beams should designed both for uniform 
load and for concentrated load, prevent the use very light 
beams short spans. 

Second.—That floor girders—that say, floor members—which 
considerable floor area should designed for smaller live 
load than that for which the floor beams are designed, both because 
the entire area the floor carried such girders will never fully 
loaded, and also because the loading such girders accumulates 
slowly away entirely with the effect impact which the 
individual beams will always subject. 

Third.—That the columns the lower stories should designed 
for gradually decreasing live load, not within reason that all 
the girders supported these columns will receive the maximum 
loading the same time. 

Fourth.—That the foundations should designed for only part 
the live load coming the basement columns, otherwise un- 
equal settlements will occur. 

Fifth.—That the framework skeleton building should 
designed that can resist wind pressure. 

preferably cast iron shall used columns 
lintels, but that cast-iron columns shall used build- 
ings more than four five stories height, and, when used, that 
the ratio between the length and diameter the columns shall 
very much and the permissible unit stress also very much 
smaller than now allowed, for instance the New York Building 
Code. 

not easy state just how big should the uniform load and 
the concentrated load for which the beams should designed, and 
the writer thinks the opinions many engineers experience should 
heard before establishing these loads. 

Would not advisable for the American Society En- 
gineers appoint Committee examine this question and make 
recommendation, which all probability would have great influ- 
ence when there will again chance modify the present Building 
Codes? 

The writer the opinion that the uniform loads specified 
Mr. Schneider’s specification are ample, but believes that the con- 
centrated load and the load per linear foot are too great. 

Safes weighing 000 Ib. are used rarely ordinary offices that 
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would seem unreasonable design every part building strong mr. Aus. 
enough support such large concentrated load, and un- 
doubtedly true that safes weighing 000 cannot found 19% 

the residences erected. Therefore, seems unreasonable de- 

sign all residences for this excessive loading enormously in- 
creased cost, the more such provision will tend retard the 
movement toward fire-proof dwelling-houses. 

The writer believes that the 000 lb. concentration suggested 
him for offices and the 200 suggested for residences would 
ample. Special permission should obtained from the Building 
Department those few cases where heavier concentrations are 
supported. 

also appears that Mr. Schneider’s specification, adopted 
the Building Department, would induce the designer, for the sake 
economy, use long spans, which, unless the design was carried out 
experienced engineers (which not always done) would tend 
weaken the building materially. The typical office building apart- 
ment-house erected to-day has beams from ft. span, spaced 
about ft. centers, which, under the author’s specification, would 
for uniform live load 133 per sq. ft.; whereas, the spans 
were increased ft., the live load would only Ib. per sq. ft. 
Further, girders ft. span, spaced ft. centers, supported 
beams ft. apart, these girders would only designed for half the 
live load for which the beams are designed, which appears too 
great reduction. 

The writer has for many years, Chief Engineer the Super- 
vising Architect’s office, Washington, C., reduced the live load 
the girders two-thirds that for which the beams were de- 
signed, and this appears far one should this re- 
duction. 

There objection any other features the author’s specifica- 
tion, except that the advantage changing the specification for 
ural steel from that now commonly used not quite evident; that is, 
from 000 000 Ib. ultimate strength, that specified the 
author; that is, from 65000 Practically all the steel 
which the writer has’ had inspected for years past, under the former 
limits, has had ultimate strength from 000 000 
that not thought that different material would obtained 
under the author’s specification; and, even the material should 
high 000 which very rarely the case, can punched 
and sheared without the strength the finished 
members. 


Assoc. Am. Soc. (by letter).—In view Mr. Freitag. 
the Hotel Darlington disaster and similar loose methods building 
design and construction, the author to- complimented his 
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timely presentation this very important subject, and 
hoped that this paper may serve the purpose leading general 
revision the building laws large cities, with especial reference 
uniformity and modern practice. The same wide divergency 
building regulations the more prominent American cities has been 
pointed out and discussed some length the writer.* 

regards the loads suggested Mr. Schneider, the writer 
heartily agrees with the proposed live load per sq. ft., for 
ordinary eases. The small live loads which have been found such 
Messrs. Blackall and Everett, ranging from per sq. 
ft., have tempted some the use unit loads low Ib. 
per sq. ft., but such should certainly questioned 
and even heartily condemned conservative practice. While Ib. 
per sq. ft. may for average present loads office build- 
ings, ete., remembered that the use average always 
dangerous, while provision should made properly, but not extrav- 
agantly, for all possibilities either present future. The 
character building’s contents usage subject extreme 
change. The entire building, possibly only portions thereof, may 
devoted very different uses from those primarily assumed, 


that, spite the provisions building ordinances against radical 


change the character degree loads, often difficult 
balance present economy against possible maximum requirements 
future possibilities. Here, the strength materials, 
factor safety should always applied. 

The author proposes calculate all floor beams for concentrated 
load any point, this being the approximate weight 
the heaviest portable safe which would commonly used offices, 
etc. this weight would approximately ft. wide ft. 
deep. ‘The factor safety assumed the the floor 
beams, reeommended Mr. Schneider’s specifications, would 
applicable reliable steel-frame structure, while for masonry 
factor safety under live loads. Again, page 
361, the same authority states follows: 


The factor safety structures stone should not less than 
order provide for variations the strength the mate- 
rial. well for other contingencies. some structures which 
have stood less; but there can doubt but these err the 
side boldness.” 

All present types fire-proof floor arches would come under the 
classification the poorest kind masonry, that, ifthe floor beams 


were for concentrated load 000 Ib., consistency would 
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require ultimate arch capacity applied over any bearing Mr. Freitag. 


area sq. ft., per sq. ft. Many, not most, forms 
fire-proof floor arches now general use would fail develop this 
strength. the Denver tests, the best end-construction arch sus- 
tained final load only 145 1670 per sq. ft. over 
loaded area ft.; while the best side-construction arch carried 
only 574 953 per sq. ft. over loaded area ft. These 
were in. terra-cotta arches 5-ft. span, hence they were fair sam- 
ples modern use. The tests made George Hill, Am. Soe. 
Melan and terra-cotta arches, means self-registering 
hydraulic machine, show only one terra-cotta arch out eleven tests 
which would fulfil the necessary requirements, viz., 10-in. hard terra- 
cotta end-construction arch, which sustained total load 500 
over loaded area sq. ft. out total arch area ft. 
The other ten arches ranged from ultimate loads. 
All the Melan arches showed ultimate capacity more 
than the required 000 Most, not all, the New York Build- 
ing Department tests would also have failed show this ultimate 
capacity, which would necessary, not only under normal conditions, 
but under fire and water tests well. Several the concrete arched 
forms now common use will probably exceed this required strength, 
but the floor construction whole were proportioned equiv- 
alent the concentrated load assumed for the beams, this might pre- 
clude the use practically all flat terra-cotta arches and all slab con- 
crete construction. 

The enumeration dead loads partitions, while Paragraph 
the for Design state that the dead 
loads are based the weights different materials given 
Table 16. would seem though this table could properly ex- 
tended give the weights terra-cotta and mackolite partition 
material for different thicknesses, well some general data regard- 
ing the weights terra-cotta arch blocks different materials and 
for different arch depths. Partitions are often classed live loads, 
and previous Chicago practice these were often assumed live 
loads distributed uniformly over the floor area per ft. 
This was the that the position partitions might fre- 
quently changed suit the subdivision office areas required 
tenants. The present New York and Chicago Building Laws, how- 
ever, both require partitions considered dead loads. 

pointed out the author, the live loads warehouse and fac- 
tory floors will vary greatly, these often being far greater than might 
expected, and often much less. Mr. Jenney, the well- 
known Chicago architect, had occasion estimate the loads the 


Tests Fire-proof Flooring Material,” Transactions, Am. Soc, E., Vol. XXXIV, 
542. 
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Mr. Freitag. wholesale warehouse Marshall Field Co., Chicago, and the low 
average lb. per sq. ft. was found for the total floor area, includ- 
ing all passageways, spite the very large quantities merchan- 
dise usually stored there. The maximum load limited areas was 
the proposed specifications, cast practically ruled out” 
unreliable and unadaptable material. This elimination cast-iron 
members would warranted all building laws which now permit 
its use could changed either eliminate cast-iron columns 
altogether require the columns reliable for- 
mulas, which latter case there would found slight, any, 
economy using cast iron; but, long present building laws exist, 
allowing the use cast-iron columns, the writer can see serious 
objection using them under approved methods calculations, for 
buildings medium height and considerable area where wind bracing 
not required beyond the stability enclosing and partition walls. 
There now under process construction large department store 
Boston, approximately 200 250 ft. area, seven stories high, be- 
sides the basement and sub-basement, with masonry walls and cross- 
walls. such the writer can see objection the use 
cast-iron columns, proportioned and designed properly. 
would also seem that Paragraph 12, relating wind pressure, 
should modified limit the necessity caring for wind press- 
ure those structures which would require metallic bracing. Inas- 
much the specifications refer the structural steelwork build- 
ings, would appear though Paragraph were intended require 
wind pressure lb. per sq. ft. for all buildings 
having either complete partial steel frames. This provision would 
not necessary for buildings provided with exterior walls masonry 
and with masonry partitions cross-walls, especially the base 
large proportion of, equal to, the height. 
Paragraph 54, regarding column splices, might extended re- 
quire the breaking joints columns alternately any floor level. 
Paragraph Part regarding field painting, should amended 
require the field painting different color from the shop 
coat. 
The intimate relation which exists between the steel frame 
modern building and the fire-proof floors and coverings makes indis- 
pensable that the successful designer the steelwork also thor- 
oughly familiar with approved fire-proofing methods, and successful 
work along fire-proof buildings would require, not only such careful 
specifications the steel frame Mr. Schneider has prepared, but 
also careful specifications relating the fire-proofing. The ques- 
tion floor girders could taken instance. These are often 
designed without reference partitions and without reference flush, 
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unbroken ceilings. The experience gained through the fire the Mr. 


Horne Buildings Pittsburg, and elsewhere, has shown that far 
better results regards the fire-proofing are secured from flush ceil- 
ings than from paneled ceilings where the girders are allowed pro- 
ject below the ceiling line. Again, the successful design spandrel 
beams members can only accomplished carefully considering 
the fire-proofing possibilities the spandrel construction. The suc- 
cessful designer steel-frame buildings, therefore, should 
familiar possible with the whole range fire-proofing, and also 


familiar possible with the architect’s standpoint and the problems 
which must face. 


Freitag. 


Hewes, Am. Soc. E.—The different changes Mr. Hewes. 


loading which take place after buildings have been erected, and the 
impossibility predicting what the changes will be, having been 
mentioned, the speaker would like cite case, which came under 
his observation while making examination, building New 
York City upon which the Building Department had filed violation. 

The plan the building was flat-iron type, being wider one 
end than other, with two sides converging. The walls one side 
and the larger end were supported upon cast-iron columns the 
street sidewalk level; the smaller end the wall ran down the 
foundation. The other side was broken re-entrant walls form 
light shaft. These walls were also supported cast-iron columns, 
while the two sections wall along the lot line extended down the 
foundation. 

All the tenants had moved out the building, except those one 
store the street level, and printing office the top floor. The 
printing was being moved; everything had been taken out except 
large press which was still place. The pressman, having piece 
work which wished turn out before taking down the press, 
started the highest speed. The table carrying the forms, 
having reciprocating motion, caused the building vibrate, increas- 
ing toa point where took gyrating motion, then the motion would 
die out and then start vibrate again the point maximum vibra- 
tion. 

The speaker was two floors below the printing office when the 
press was started, and notified the men the chances they were 
taking, then took vacation till the press was stopped. 
probable that the lower floors had been loaded, the vibrations would 
not have been severe. 

This tends show how necessary that the frame building 
should structure itself without depending upon the partitions 
and walls for stiffness Mr. Schneider has stated. 
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RATIONAL FORM STIFFENED SUSPENSION 
BRIDGE. 


Mr. Cooper. THEODORE Am. Soc. (by letter).—The writer, 
his report the Bridge Company, June 23d, 1899, stated 
follows, reference the plan described Mr. 
paper: 


The lines the structure are very pleasing, giving combined 
effect grace and strength. The catenary curves the cables are not 
crossed broken the stiffening trusses. 
design appears, from ordinary examination, 
accordance with the requirements the specifications. stiffening 
truss this kind could not used successfully for bridges formed 
with continuous wire cables, the connections the various mem- 
bers the truss would have made through the frictional grip 
cable bands, which would not trustworthy. The success sucha 
truss depends therefore upon the use wire links for the cables and 
positive connection all the members means pins. That 
such links can made undoubted, but their successful and eco- 
nomic manufacture has yet developed.” 


that time the suggestion was made that there might future 
cases where eye-bars could used for this form bridge. 

Engineers, through the daily and technical press, have conveyed 
the idea that ‘‘eye-bar are new and untried forms. 

Without detailing the earlier suspension bridges, which were all 


*Continued from October, 1904, Proceedings. See August, 1904, Proceedings for 
paper this subject Gustav Lindenthal, Am. Soc. 
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link-cable bridges, the fact that the great majority bridges North Mr. Cooper. 


America, over 100-ft. spans, both railroad and highway, are dependent 
upon for their chords, seems have been 
overlooked even some eminent engineers. 

The writer would consider low estimate state that there are 
more than 200 miles ‘‘eye-bar cables” successful use the 
United States, many which have done excellent duty for full 
generation. 

The first important structure with which the writer was identified, 
the St. Louis Arch Bridge, was erected means eye-bar cables 
more than 500 ft. length, and these same cables, more than 600 
ft.in total length, are now use the Fairmount Bridge, Philadel- 
phia, and bridges elsewhere. 

The forming the top chord the Quebec Bridge, 
now under construction and formed eye-bars in. deep. 

The eye-bar and the eye-bar cable are the peculiar and especial 
characteristic American bridges, and rather late the day for 
any engineer discover that they are new and untried forms. 

All the large suspension bridges built the Messrs. Roebling 
Niagara, Cincinnati and Brooklyn have eye-bar cables their an- 
chorages. 

the eye-bar cable engineers know actual test the strength 
the component parts large units, they know and can allow for the 
inclinations the several members forming the cable, and, when 
erected and under work, they can inspect and see whether not 
working according the assumptions. 

the wire cable engineers are asked have things 
and unproven. They must presume that the several thousand 
wires forming large cable are all absolutely parallel after they have 
been banded together and wrapped, and that every wire doing equal 
duty, except within few inches the splices. 

Engineers must accept the strength single wire multiplied 
the total number wires the strength the full cable. They 
must believe that, although all past methods preserving the in- 
closed wires have failed stand the test time, the modern methods 
can relied upon without waiting for long experience. 

For spans 000 ft. least, engineers must allow the wire 
cable large degree flexibility, order that may enter into com- 
petition with the rigid truss under similar loading, even 
after accepting the above presumptions. 

Until the limit 000 ft. passed, the point where the wire- 
cable bridge may enter into fair competition with the rigid truss, 
would seem unnecessary, not undesirable, accept bridge 
with these questionable features, when the same graceful forms can 
obtained rigid structure formed large units the strength 
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which known can known actual tests, and which has all its 
parts open for inspection and preservation. 

the form stiffened suspension bridge under discussion the 
strains each and every member can determined readily and 
positively. 

The writer does not think the same can said the flexible suspen- 
sion bridge, heretofore treated. consider bridge, where sev- 
eral thousand tons material are assumed rising and falling 
several feet few seconds structure acted statical forces 
only, appears the writer fallacious. 

the competitive plans for the Bridge, the several 
plans were submitted the writer for examination, and his report 
the contract was let. There were submitted three plans for wire 
bridges. Two these plans were companies also presenting 
cantilever structures, and they stated that they could get prices 
for the wirework which would justify tenders. The third plan, though 
accompanied tender, gave strain sheets, sizes parts, plans 
foundations. The schedule material accompanying the tender 


gave but little more than half the half the masonry contained 
the other plans, 
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MINUTES MEETINGS. 


December 7th, 1904.—The meeting was called order 8.40 
M., Rudolph Hering, Am. Soc. E., the chair; Chas. Warren 
Hunt, Secretary; and present, also, 107 members and guests. 

The minutes the meetings November and 16th, 1904, were 
approved printed the Proceedings for November, 1904. 
paper entitled Probable Wind Pressure Involved the Wreck 
the High Bridge over the Mississippi River, Smith Avenue, St. 
Paul, Minn., August 20th, 1904,” Turner, Am. Soc. 
E., was presented the Secretary, who also read communication 
the subject Theodore Cooper, Am. Soc. The paper 
was then discussed orally Messrs. Gifford, Brincker- 


thes 
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The Secretary presented letter from the American Association for 
the Advancement Science, inviting members the Society at- 
tend the meetings the Association held Philadelphia the 
University Pennsylvania, December 27th 30th, 1904. 


Ballots for membership were canvassed, and the following candi- 
dates elected: 


MEMBERS. 


New York City. 

New York City. 
GARDNER, Memphis, Tenn. 

Emit Reading, Pa. 

Harvey St. Louis, Mo. 

Horton New York City. 

WHEELER, Los Angeles, Cal. 


MEMBERS. 


Frep Asa Ithaca, 

Hunt Bowne, Glen Cove, 

Curtis, Worcester, Mass. 

JOHN JEROME Asheville, 

Epwarps Jr., Philadelphia, Pa. 
ARTHUR JAMES GRIFFIN, Brooklyn, 

ATKINSON Omaha, Nebr. 

Ivar Johnnesburg, South Africa. 
ALEXANDER Johannesburg, South Africa. 
HERBERT Damon NEWELL, Ontario, Ore. 

GEORGE FREDERICK Bombay, India. 

Harry SHANER, Lynchburg, Va. 

FRANKLIN Kendal Green, Mass. 

Turner, Salt Lake City, Utah. 
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Frank Salt Lake City, Utah. 
Sheffield, 
WasHINGTON Zorn, Cheyenne, Wyo. 


ASSOCIATES. 


Martin May, New York City. 
Vincent Monywa, Upper Burma, India. 


The Secretary announced: 


The transfer the following candidates, the Board Direction, 
December 6th, 1904: 


From MEMBER MEMBER. 


ARTHUR WILLARD FRENcH, Worcester, Mass. 
SPENCER, Pittsburg, Pa. 


The election the following candidates, the Board Direction, 
December 6th, 1904: 


JUNIORS. 


St. Louis, Mo. 
New York City. 

Lawrence Hanavan, New York City. 
New York City. 

Harry Greenville, Miss. 
Lewis, Montrose, Colo. 
Kansas City, Mo. 

GEORGE JOHNSON WALKER, Self, Ark. 

Durango, Dgo., Mexico. 


The Secretary announced the following deaths: 


FREDERICK REGINALD elected Member September 
1904; died November 20th, 1904. 


elected Junior March 3d, 1875; Member 
April 7th, 1880; died November 28th, 


Adjourned. 


490 MINUTES MEETINGS. [Society 


December 21st, 1904.—The meeting was called order 8.45 
M., Vice-President Deyo the chair; Chas. Warren 
Hunt, Secretary; and present, also, members and guests. 
paper, entitled Reclamation River Deltas and Salt 
Marshes,” Francis Baron, Am. E., was presented 
the Secretary, who also read communication the subject from 
The paper was discussed Richard Lamb, Am. 
The Secretary announced the following deaths: 
ALBERT elected Member May 7th, 1873; died Novem- 
ber 30th, 1904. 
elected Member September 15th, 1869; died Decem- 
ber 18th, 1904. 


Adjourned. 


THE BOARD DIRECTION. 
(Abstract. 


December 6th, 1904.—8.35 m.—Vice-President Curtis the 
Chair; Chas. Warren Hunt, present, also, Messrs. Buck, 
Croes, Deyo, Ellis, Gowen, Knap, Lewis, Noble, Osgood, Pe- 
gram, Webster and Wilgus. 

report, from the Committee Entertainment the party 
members the British Institution Civil Engineers, was received, 
which showed that the funds the Society had not been drawn upon 
for this purpose, and that the amount subscribed had been re- 
turned pro rata the subscribers. 

The following resolution was adopted: 

Resolved, That the thanks the Board Direction the 
American Society Civil Engineers are hereby tendered Paul 
Seurot, Am. Soc. E., for his the translation number 
French papers for the International Engineering 

Committee was appointed confer with the Architect and 
report plans for the enlargement the Society House. 

Committee Arrangements for the Annual Meeting was ap- 
pointed: 

The following resignations were accepted, take effect December 
1904: 

Max Boehmer, Am. Soc. E.; Duncan Lee Despard, Assoc. 
Am. Soc. E.; Edward Betts Brisley, Jun. Am. Soc. 

Applications were considered and other routine business trans- 
acted. 

Five Associate Members were transferred the grade Member, 
and twelve candidates for Junior were elected. 


Adjourned. 
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ANNOUNCEMENTS. 


every day, except Sundays, Fourth July, Thanksgiving Day and 
Christmas Day. 


MEETINGS. 


Wednesday, January 4th, 1905.—8.30 regular business 
meeting will held. Ballots for membership will canvassed, and 
paper, entitled Location the Choctaw, Oklahoma 
and Gulf Railroad,” Lavis, Assoc. Am. E., will 
presented for discussion. 

This paper printed this number 


meeting will held. Ballots for membership will canvassed, and 
paper entitled Maximum Rates Rainfall Boston,” Charles 
W.Sherman, Am. E., will presented for discussion. 

This paper printed this number Proceedings. 


ANNUAL MEETING. 


The Fifty-second Annual Meeting will held the Society House, 
January 18th and 19th, 1905. The Business Meeting will called 
order o’clock Wednesday morning. The Annual Reports will 
read, officers for the ensuing year elected, and the 
Nominating Committee appointed. 

Arrangements for the excursions and entertainments have been 
placed the hands the following committee: 


Chairman; 
GEORGE WEBSTER, Harrison, 


NOMINATING COMMITTEE. 


The Constitution provides that the Annual Meeting each 
year, seven Corporate Members, not officers the Society, one from 
each the seven geographical districts, into which the territory 
pied the Membership divided for this purpose, shall appointed 
the meeting serve for two years. 

The usual blank request for suggestions representatives 
each district, for presentation the has been mailed 
Corporate members. 
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PRIVILEGES LOCAL SOCIETIES EXTENDED MEMBERS 
THE AMERICAN SOCIETY CIVIL ENGINEERS. 


The Boston Society Civil Engineers will any member 
the American Society Civil Engineers its library and reading 
room, 517 Tremont Temple, Boston, which open week days from 
which are held the same building, the evenings the fourth 
Wednesday January, and the third Wednesdays other months, 
except July and August. 

The rooms The St. Louis Engineers’ Club, are the business 
center St. Louis, and visiting engineers are cordially invited use 
them for telephone service, information, ete. 

The courtesies The Engineers’ Society Western Pennsylvania 
have been extended members the American Society Civil En- 
gineers. The rooms the Society, 410 Penn Ave., Pittsburg, Pa., 
are open at,all times, and meetings are held follows, except during 
July and August. Third Tuesdays; 
Section, Thursdays following third Tuesdays; SECTION, 
First Tuesdays; Fourth Tuesdays. 

The Western Society Engineers, Monadnock Block, Chicago, 
Ill., tenders members this Society the use its rooms and facil- 
ities, together with the good offices its Secretary and special 
committee appointed for that purpose. 

The Civil Engineers’ Club Cleveland, Ohio, invites members 
this Society make use the Club rooms, any time when 
Cleveland. Cards will furnished application the Secretary, 
Mr. Beardsley. 

The Engineers’ Club Central Pennsylvania has established new 
quarters the corner Second and Walnut Streets, Harrisburg, Pa., 
and desires extend the courtesies the Club visiting members 
the American Society Civil Engineers. 


SEARCHES THE LIBRARY. 


January, 1902, the Secretary was authorized make searches 
the Library, upon request, and charge therefor the actual cost 
the Society for the extra work required. Since that time many such 
searches have been made, and bibliographies and other information 
special subjects furnished. 

The resulting satisfaction, the members who have made use 
the resources the Society this manner, has been expressed fre- 
quently, and leaves little doubt that, were generally known 
the membership that such work would undertaken, many would 
avail themselves it. 
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The cost trifling, compared with the value the time engi- 
neer who looks such matters himself, and the work can per- 
formed quite well, and much more quickly, persons familiar with 
the Library. 

Copies all lists references are filed, that many cases 
only necessary make typewritten copy, which reduces the cost 
searches minimum. 

asking that such work undertaken, members should specify 
clearly the subject covered, and whether references general 
books only are desired, whether complete bibliography, involving 
search through periodical literature, desired. 
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ACCESSIONS THE LIBRARY. 
November 8th December 13th, 1904. 


DONATIONS.* 
FOWLER’S ELECTRICAL YEAR BOOK; 


And Directory Light, Power and Traction Stations, 1905. 


Boards, 588 pp., illus. Manchester, Scientific Publishing 
Company. shilling pence, net. 


this edition the Year Book substantial additions have been made the several 
sections dealing with the types and use electrical measuring instruments. The sec- 
tion the running dynamos parallel, well some notes the management 
the preface states, will, hoped, prove useful. The recommendations 
the British Standards Committee for motors have been embodied the 
present edition, while additions have been made the sections dealing with electrical 
distribution, secondary batteries, and lighting. The extension the application 


alternating current has demanded more extensive treatment, and some additions have 
been made the subject electric traction. 


AMERICAN RAILWAY SHOP SYSTEMS. 


illus. New York, The Ruilroad Gazette, 1904. 


The aim the author presenting.this treatise has been collect, convenient 
form for reference, general information the layout and leading characteristics 
railway repair shops, particular attention being paid establishing special grouping 
subject. The Contents are: Classification and General Layout; General Repair Shops; 
Locomotive Repair Shops; Passenger Car Repair Shops; Freight Car Repair Shops; 


General Shop Store Houses; Power Plant and Machinery; Structural Work Buildings 
and Auxiliary Features. The book contains bibliography eight pages, and large 
number 


EXPERIMENTS WITH ALTERNATE CURRENTS HIGH POTENTIAL AND 
HIGH FREQUENCY. 


Lecture Delivered Before the Institution Electrical Engineers, 
London; With Appendix the Transmission Electric Energy 
without Wires, Reviewing his Recent Work, and Presenting 
tions from Photographs never before Published; With New Portrait 
and Biographical Sketch the Author. Nicola Tesla. New 


Edition, cloth, in., 162 pp., illus. New York, McGraw Pub- 
lishing Company, 1904. $1.00. 


Since the year 1890 Mr. Tesla has devoted himself entirely the study alterna- 
ting currents high frequencies and very high potentials, with which present 
engaged. The biographical introduction states that comment necessary his 
interesting achievements this first lecture researches this new 
branch electricity, was delivered before the American Institute Electrical Engi- 
neers May 20, 1891. The present lecture forms measure continuation the 
latter, and includes chiefly the results his researches since that time. 


THE ASSUAN RESERVOIR AND LAKE MOERIS. 


Lecture Delivered Meeting the Khedivial Geographical 
Society, Cairo, 16th January, 1904; with Translations French and 
pp., illus. New York, Spon and Chamberlain, 1904. $2.00. 

this lecture the author outlines what his opinion the best method secure 
additional water for irrigation Egypt and the same time obtain protection from 
floods. describes the Dam and the design for raising and the project for 


the Wady Rayan Reservoir, the modern Lake Moeris, and also describes the proposed 
rectification the Nile system jetties the Rosetta mouth the river. 


Unless otherwise specified, books this list have been donated the publisher. 
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LES RICHESSE MINERALES NOUVELLE-CALEDONIE. 


Rapport Ministre des Colonies. Par Glasser. Paper, 
560 pp., illus. Paris, Vve. Ch. Dunod, 1904. francs. 


The Minister the Colonies, for France, charged the author with mission New 
Caledonia, for the purpose studying its mineral wealth; the results are contained 
this book. After giving general information the geological formation the differ- 
ent deposits New Caledonia, the author writes each mineral turn, giving its 
known beds, the manner working them, the industrial conditions, and what devel- 
opment they appear susceptible. Nickel, cobalt, chrome, iron, copper, gold, coal, 
are thus reviewed. The work ends with considerations the future the mines 


the colony and the measures taken assure their success. The book contains six 
maps and plates. 


Gifts have also been received from the following: 
Albany State Engr. and Surv. pam. 


National Electric Light vol. 
Allentown—Water Dept. National Mosquito Extermination Society 

Am. Inst. Elec. Engrs. bd. vol. Y.—Rapid Transit Comm. bd. vol. 
Am. Inst. Min. Engrs. pam. North England Inst. Min. Mech. 
Am. Iron and Steel Assoc. Engrs. 
Am. Ry. vol. Permanent Inst. Navigation 
Am. Soc. Mech. Engrs. Cong. vol. 


Am. Water Works Assoc. vol. 
Boston—Transit bd. vol. 
Brit. Fire Prevention Committee. vol., 


pam. 
pam. Scuola d’Applicazione per 
Brooks, Fred. pam, 
Cal.—Dept. Highways. pam. Robertson, bd. vol., pam. 
Canada—Geol. Surv. bd. vol., vol. Rochester—Pub. Works Dept. vol. 
Cincinnati—Engr. Dept. pam. St. John—Water and Sewerage Dept. 
Cincinnati, New Orleans Texas Pacific am. 
Ry. Co. Schmidt, Max pam. 
Colo. Agri. Coll. pam. Smithsonian Inst. bd. vol. 
Detroit—Board Water Commrs. Soc. Anonyme Belge Constructions In- 


Queenslaud—Harbours Rivers Dept. 


Southern Pacific pam. 
Fisk Robinson. pam. (Den) Tekniske Kongres. 
Francois, Felix. vol. 
Great Brit.—Patent Office. U.S. Bureau Forestry. 
Indian Midland Ry. Co. Chief Bureau Yards and Docks. 


Labor Statistics. bd. vol. pam. 


.S. Geol. Surv. pam., 103 maps. 
Interstate Commerce Comm. 


Inst. Civ. Engrs. bd. vol. 


bd. vol. 


pam. 

Inst. Mech. Engrs. vol. Naval pam. 

Kansas City Southern Ry. Co. pam. Office Public Road Inquiries. 
Kirchbach, Frank. pam. 


pam. 
La. Arkansas Ry. Co. pam. Univ. Maine. vol. 
Board Health. Vulcanite Portland Cement Co. pam. 


PURCHASE. 


The National Cyclopedia American Biography: being the His- 
tory the United States Illustrated the Lives the Founders, 
Builders and Defenders the Republic, and the Men and Women 
Who are Doing the Work and Moulding the Thoughts the Present 
Time. Edited distinguished biographers selected from each State. 
Revised and approved the most eminent historians, scholars and 


statesmen the day. New York, James White Co., 
1904. 


Reinforced Concrete. Charles Marsh. New York, Van 
Nostrand Company, 1904. 
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SUMMARY ACCESSIONS. 
November December 13th, 1904. 


Donations (including duplicates and numbers 
periodicals complete 289 
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MEMBERSHIP. 
ADDITIONS. 
MEMBERS. 
Wall St., New York City (Res., 
159 Greenwood Ave., East Orange, 


ing Agt. for The Pittsburg Reduction Co., Assoc. 


Stanton. Engr and Purchas- un. 


Worcester Polytechnic Inst., Worcester, 


Harvey. 503Security Bldg., St. Louis,Mo. 
Spencer, Care, Am. Bridge Co., Assoc. 
ASSOCIATE MEMBERS. 
Bowne, Hunt. Glen Cove, 
Newron KENDALL. 207 Academy St., Tren- 


Asst. Engr., Mo. Jun. 
Pac. Ry., 3756 Cook Ave., St. Louis, Mo... Assoc. 


Guy Engr. and Gen. Contr. 


(Culgin Pace), 133 West 129th St., New Assoc. 


Curtis, Stafford St., Worcester, Mass... 


Henry Gen. Mgr., Omaha Elec. Light 
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MONTHLY LIST RECENT ENGINEERING ARTICLES 
INTEREST. 
(November 6th December 10th, 1904.) 


This list published for the purpose placing before the members 
the Society the titles current articles, which can referred 


any available engineering library, can procured addressing 


the publication directly, 
possible. 


the address and price being given wherever 


LIST PUBLICATIONS. 
the subjoined list articles references are given the number pre- 


fixed each this list. 


(1) Journal, Eng. 257 Scuth 
Fourth 30c. 

(2) Proceedings, Engrs. Club 
1122 Girard St., Philadelphia, Pa. 

(3) Journal, Franklin Inst., Philadel- 
phia, Pa., 

(4) Journal, Western Soc. Engrs., Mo- 
nadnock Block, Chicago, 

(5) Transactions, Can. E., Mon- 
treal, Que., Canada. 

(6) School Mines Quarterly. Columbia 
Univ., New York City, 50c. 

(7) Technology Quarterly. Mass. 
Tech., Boston, 75c. 

(8) Stevens Institute Indicator, Stevens 

(9) Engineering Magazine, New York 
City, 

(10) Magazine, New York City, 


Inst. 


Engineering (London), Wiley, 
New York 25c. 
The (London), International 
News Co., New York City, 
(13) News, New York City, 


(14) The Engineering Record, New York 
City, 
(15) Gazette, New York City, 


(16) Engineering and Mining Journal, 
New York City, 15c. 

(17) Street Railway Journal, New York 
Citv, 35c. 

(18) Railway and Engineering Review, 
Chicago, 

Scientific American Supplement, New 
York 

(20) Aae, New York City, 

Railway Engineer, London, 
land, 

(22) Iron and Coal Trades Lon- 
don, 

(a3) Bulletin, American Tron and Steel 
Philadelphia, Pa. 

(24) American Gas Light Journal, New 
York City, 

Engineer, New York City, 


Eng- 


(26) Electrical Review, London, England. 

(27) Electrical World and Engineer, New 
York City, 

(28) England Water-Works 
Boston, $1. 

(29) Journal, Society Arts, London, 
England, 

(30) Annales des Travaux Publics 
Belgique, Brussels, Belgium. 

(31) Annales del’ Assoc. des Ing. Sortis 
des Ecole Spéciales Gand, Brus- 
sels, Belgium. 

Mémoires Compte Rendu des Tra- 
vaux, Soe. Ing. Civ. France, 
Paris, France. 

(33) Génie Paris, France. 

(34) Portefeuille Economique des Ma- 

chines, Paris, France. 


(32) 


(35) Nouvelles Annales Construc- 
tion, Paris, France. 

(36) Revue Paris, France, 

(37) Revue Mécaniaue, Paris. France, 

(38) Revue Générale des Chemins Fer 
des Paris, France. 

(39) Master Mechanic, Chicago, 

(40) Railway Age, Chicago, 10c. 

(41) Modern Machinery, 

(42) Transactions, Elec. Engrs., 
New York City, 

(43) Ponts Chaussées, 
Paris. France. 

(44) Journal, Military Service Institu- 
tion, Governor’s Island, New York 
Harbor, 50c. 

(45) and Minerals, Scranton, Pa., 

(46) American, New York City, 


(47) Mechanical Engineer, Manchester, 
England. 

(54) Transactions, Am. Soc. E., New 
York City, $5. 

(55) Transactions, Am. Soc. E., New 
City, $10. 

(56) Transactions, Am. Inst. Min. Engrs., 
New York City, $5. 

(57) Colliery Guardian, London, England. 

(58) Proceedings, Eng. Soc. Pa., 410 
Penn Ave., Pittsburg, 

(59) Transactions, Mining Inst. Scot- 
land, London and 
Tyne, England. 

(60) Municipal Engineering, 
olis, 

(61) Proceedings. Western Railway Club, 
225 Dearborn St., Chicago, 

(62) American Manufacturer and Tron 
World,59 Pittsburg, Pa. 

(63) Minutes Proceedings, Inst. 
London, England. 

(64) Power, New York City. 

(65) Official Proceedings, New York 
road Club, Brooklyn, 

(66) Journal Gas Lighting, London, 
England, 

(67) Cement and Engineering News, Chi- 
cago, 

(68) Mining Journal, London, England. 

(69) Mill Owners, New York City. 

(70) Review, New York City, 

0c. 

(71) Journal, Iron and London, 
England 

(72) Street Railway Review, Chicago, 

(73) Electrician, London, England, 

(74) Transactions, Inst. Min. and 
Metal., London, England. 


Indianap- 


(75) Proceedings, Inst. Mech. Engrs., 
London, England. 

(76) Brick, Chicago, 

(77) Journal, Inst. Elec. Engrs., London, 
England. 
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LIST ARTICLES. 

Bridge. 

The Erection Iron Bridges.* Russell Scott Scholefield. (63) Vol. 157. 

The Breydon Viaduct Great Yarmouth.* William Marriott and Theodore Graham 
Gribble, MM. Inst. (63) Vol. 157. 

Ferro-Concrete Bridge.* (12) Oct. 28; (11) Oct. 28. 

The Strength and Stability Stone and Brick Bridges.* beginning Nov. 

New Bridge Near Mayence* (12) Nov. 11. 

The Thebes Bridge.* (14) Nov. 12. 

Renewing Bridges the West Shore.* (15) Nov. 18. 

The Anatomy Bridgework.* W.H. Thorpe, Assoc. Inst. (11) Serial begin- 
ning Nov. 18. 

Repairing Wrecked Drawbridge over the Maumee River Toledo.* (14) Nov. 19. 

Designs for Bascule Bridges without Tail Pits.* (13) Nov. 24. 

The Bridge over the Rhine Thusis.* (12) Nov. 25. 

Large Sheet Pile Cofferdam.* (14) Nov. 26. 

The Calumet River Drawbridge, Baltimore Ohio R.* (14) Nov. 26. 

The Erection the Double-Track Mingo Cantilever Bridge over the Ohio River.* (14) 
Serial beginning Nov. 26. 

Structural Details the New Concrete Bridge Grand Rapids, Mich.* 
Wm. Tubesing. (13) 

Interesting Steel Arch Bridge Design.* (13) Dec. 

The Quebec Bridge.* (15) Dec. 

Concrete Abutment the Ulster Delaware.* McGee. Dec. 

Concrete Arch Bridges, Como Park, St. Paul.* (14) 

The New Pend Bridge, Northern Pacific Ry.* (18) Dec. 

The South Tenth Street Bridge, Pittsburg.* (14) Dec. 10. 


Reconstruction Viaduct over the Michigan Central Railroad, Michigan Traction 
Company, near Galesburg, Mich.* (17) 10. 


Electrical. 

The the Submarine Telegraph.* Charles Bright, Assoc. Inst. (63) 
Vol. 157. 

Some Notes the Edison Nickel-Iron Storage Battery.* Davis. (4) Oct. 

Thirty-Thousand-Volt Transmission. Kelly and Bunker. (Abstract Paper 
read before the International Elec. Cong.) (73) Oct. 28. 

The Measurement the Potential the Electrodes Stationary Liquids.* Henry 
Sands. (Paper read before the Faraday (73) Serial beginning Oct. 28. 
Notes Faults Small Lead-Covered Wires.* Donald Smeaton Munro. (26) Oct. 
Dynamo and Motor Co.’s Works Trafford Park.* (26) Oct. 28; (12) 

ov. 18. 
The So-Called International Electrical Units. Wolff. (Abstract Paper read 
before the International Elec. Cong.) (26) Oct. 28. 
The Superiority Alternating Current for the Supply Current Large Cities. Gott- 


(Abstract Paper read before the International Elec. Cong.) (73) 
ct. 238. 


Transformer with Large Electrostatic Capacity.* (73) Oct. 

The Unobtained Wave-Lengths between the Longest Thermal and the Shortest Electric 
Wave Yet Measured. Nichols. (Abstract Paper read before the Interna- 
tional Elec. Cong.) (73) Oct. 28. 

The Transposition Electrical Conductors.* Frank Fowle. (42) Nov. 

The Short-Circuit Current Induction Motor.* Howe. (73) Nov. 

Coherer Action.* K.E.Guthe. (Abstract Paper read before the International Elec. 
Cong.) (73) 

Electrolytic Receivers Wireless Telegraphy.* Lee Forest. (Abstract Paper 
read before the International Elec. Cong.) (73) Nov. 

The Bay Counties Power Co.’s Transmission System. Hancock. (Abstract 
Paper read before the International Elec. Cong.) (73) Nov. 

American Practice High-Tension Line Construction and Operation. Perrine. 
(Abstract Paper read before the International Elec. Cong.) (73) Nov. 

Heysham Harbour Electric Power Plant.* (26) Nov. 

200-Mile Transmission.* Eugene Wallace. (27) Nov. 

The Testing Transformer Lancelot Wild. (73) Nov. 11. 

Theory Wireless Telegraphy.* John Stone Stone. (Paper read before the Interna- 
tional Elec. Cong.) (73) Nov. 11. 

The Press-Button Control Lifts.* (12) Nov. 11. 

The Stalybridge, Hyde, Mossley and Dukinfield Tramways and Electricity 
Scheme.* (26) Nov. 11. 

Report Telegraph Communication Between St. Louis and Chicago.* 
(27) Nov. 12. 

The Power Plant the Lewis Publishing Company, St. Louis, and the Largest Search- 
light the World.* (27) Nov. 12. 

Thermo-Electric Receivers for Wireless Telegraphy and Telephony.* (19) Nov. 12. 

The Willesden Power House, London, England.* (27) 

The Electrical Equipment the Karawanken Tunnel.* (27) Nov. 12. 


Tilustrated. 
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The Radcliffe Electricity Works.* (26) Nov. 18. 

York Corporation Electricity Works.* (26) Nov. 18. 

The Unipolar Dynamo.* (From Zeitschrift (26) Nov. 18. 

Application Telpherage.* (40) Nov. 18. 

Methods Cable Laying.* Leonard Andrews. (73) Nov. 18. 

The St. Louis Exhibition (Electrical Exhibits). (11) Nov. 18. 

Insulation for High Pressures.* Harris Ryan. (Abstract Paper read before the 
International Elec. Cong.) (73) Nov. 18. 

Telegraphy and Telephony Japan. Saitaro Oi. (Abstract Paper read before the 
Elec. Cong.) (73) Nov. 18. 

Modern High-Speed Printing Telegraph Systems. Barclay. (Paper presented 
before the International Elec. Cong.) (19) Nov. 19. 

Siemens Halske Printing Telegraph Telecryptograph.*. Ramakers. (19) Nov. 19. 

The Testing Lightning Rods. (Tr. from Allgemeine Chemiker Zeitung.) (19) 

Speed Indicators.* Ciarence Feldmann. (27) Nov. 19. 

Alternating Current Relay for Low Frequencies.* Frank Fowle. (27) Nov. 19. 

Latest Improvements Carbon-Making. Eugene Ornstein. (After Lecture 
(26) Nov. 25. 

The St. Louis Exhibition: The Exhibits the Electrical Controller and Supply Com- 
pany. Nov. 25. 

Traveling-Cranes the St. Louis Exhibition.* (11) Nov. 25. 

Method Measuring Magnetomotive Forces.* Rudolf Goldschmidt. (73) Nov. 25. 

The Alternating-Current Theory Transmission Speed Over Submarine Telegraph 
Cables. Kennelly. (Abstract Paper read before the St. Louis Interna- 
tional Elec. Cong.) (73) Nov. 25. 

Starting and Regulating Resistances.* (73) Nov. 25. 

The Ridgway Variable Speed Motor.* (14) Nov. 26. 

Electric Power Along Niagara Frontier.* (27) Nov. 26. 

Loads Factory Motors. (46) Nov. 26. 

Economical Power Plant Lima, Ohio.* Frank Rae. (17) Nov. 26. 

Electric Transmission Devices for Automobiles: The Jeantaud and the Electrogenia 
Systems.* (19) Nov. 26. 

The Induction Motor with High Resistance Secondary. Spencer. (27) Nov. 26. 

Lightning Wireless Telegraphy and the Dispersion Fogs Electricity. 
Frederick Collins. (27) Nov. 26. 

The Commercial Development Water Power. Adams. (10) 

The Principles Exchange Telephony. Herbert Laws Webb. (10) 

Plant Stuart Street, Manchester, Power Station.* William Chubb. 
(64) Dee. 

Efficiency Closed Heaters. Crane. (64) Dec. 

Electrical W.H. Wakeman. (64) Dec. 

Installing Electric Motors.* William Kavanagh. (64) Dec. 

Multiple Voltage Control Motors.* Norman Gardner Meade. (64) Dec. 

New Form Liquid Rheostat for Starting Electric Motors.* (46) Dec. 

The Combined Lighting and Heating Plant the Columbus, Ohio, Public Service Com- 
pany.* (27) 

Electric Motors the Fair.* Cloyd Marshall. (27) 

ec. 

New Motor Speed (27) 

Commutationin Alternating-Current Motors Starting.* Marius Latour. (27) Dec. 

The Evolution High-Tension Insulators.* (27) Dec. 

The Electrolytic Meter.* R.S. White. (27) Dec. 

Niagara Power Buffalo. (27) Serial beginning Dec. 

Electromagnetic Torque. A.S. McAllister. (27) Dec. 

Armature Winding. Guilbert. (27) 

The Dynelection.* Burr. (20) Dec. 

The American Electric Controller Company Rheocrat.* (20) Dec. 

Electricity Driving Coal-Conveying Machinery.* Frank Perkins. (46) 

ec. 10. 

Sur Rationnel des Moteurs Asynchrones. Guilbert. (36) Oct. 25. 

Travaux Hydro-Electrique Compagnie Toronto and Niag- 
ara Power. (33) Oct. 29. 

Force Motrice Electrogéne des Sociétés Delau- 
nay-Belleville Electrique.* Charles Dantin. (33) Oct. 29. 

L’Exposition Société Westinghouse, Arras: Moteur Gaz Appareils Elec- 
triques. (33) Nov. 

Mesure d’un Défaut entre Cable Terre (Réseau 
Vinson. (36) Nov. 25. 

Voiture Mixte Poulain. (36) Nov. 25. 


Marine. 


Ferry Transportation.* Cherry. (65) Oct. 
Commander Peary’s New Vessel.* (12) Oct. 28. 


for Steam Boilers (of the Marine Type).* (47) Oct. 29. 
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M.S. King Edward (12) Nov. 

The Japanese Cruisers Nisshin and Kasuga.* (12) Nov. 

Armoured Cruiser Black Prince.* Nov. 

The Trial Trip the Armored Cruiser Colorado.* (46) Nov. 12. 

The Economy Steam Turbines Cruisers.* (11) Nov. 18. 

Steam Closing Stop Valves for Boilers.* Willits. (20) Nov. 24. 

Simple Methods Warship Design Necessity.* George Dickie. (Abstract Paper 
read before the Naval Archts. and Marine Engrs.) (13) Nov. 24. 

Maintenance Machinery Merchant Ships. Robert Haig. (Abstract Paper read 
before the Naval Archts. and Marine Engrs.) (13) Nov. 24. 

The Battleship Deutschland, (12) 25. 

Experiments Some Structural Details (in Shipbuilding).* (12) Nov. 25. 

Interesting Repair Work the Ekliptika.* Alfred Gradenwitz. (19) Nov. 26. 

The Development Dry-Dock Pumping Machinery.* Joseph Shultz. (9) Dec. 

(Paper read before the Soc. Naval Archts. and Marine Engrs.) (13) 

The Character the Power Plants the U.S. Navy Yards. (14) Dec. 

Skeleton Models Warships.* (46) Dec. 10. 

Comparison des Turbines des Machines Alternatives pour Propulsion des Navires.* 
Bousquet. (33) Nov. 26. 


Mechanical. 


Notes Lutes and Cements. Samuel (2) Oct. 

The Diesel Engine Practice. James (2) Oct. 

Improved Gas Apparatus.* Babb. (58) Oct. 

Utilization Exhaust Steam Connection with Low Pressure Steam Turbines.* 
Leonce Battu. (4) Oct. 

(63) Vol. 157. 

Rotary Kiln Fuel Consumption. Krottnaurer. (67) Oct. 

Tests Made Solders for Steel Brazing. (11) Oct. 28. 

Improved Valve Gear.* (12) Oct. 28. 

Steam Boilers. (Lecture before the National Assoc. Colliery Mrgs.) 
(22) 28. 

Discussion the Individual Operation Machine Tools Electric Motors.* (3) Nov. 

Modification the Perfect Heat-Engine Formula.* Louis Jr. 

Speed Jack.* (3) Nov. 

Making Brick the Tuskegee Normal and Industrial Institute.* (76) Nov. 

Transtorming Peat Power Sweden.* (76) Nov. 

Suction Gas Producers.* (76) Nov.; (12) Nov. 

The Air-Compressor.* Nov. 

Test 160-B. Diesel Engine Ghent.* (26) Nov. 

High-Speed Lathes.* (12) Nov. 

Steam for Reducing the Cost Electrical Energy.* 
‘Ox. (22) Nov. 4. 

Shrinkage Troubles and Methods Thos. West. (Paper read before the 
New Fngland Foundrymen’s Assoc.) (47) Nov. 

Notes Emery Wheels. (47) Nov. 

Model Continuous-Feed Gas Producer the St. Louis Fair.* (46) Nov. 

Air Relation Boiler Feeds.* James Alexander Smith. (Paper read before the Vic- 
torian Inst. Melbourne.) (62) Nov. 10. 

The Relation Calorific Power Power Gas. (11) Nov. 11. 

Hydraulic Forging-Presses.* (11) Nov. 11. 

Milling Cutters.* Thomas Shaw. (47) Serial beginning Nov. 12. 

Heavy Grading with Hydraulic Monitors. Rollins. (Abstract Paper read be- 
fore the Pacific Northwest Engrs.) (14) Nov. 12. 

Consumers’ Meters.* Spangenberg. (Paper read before the Amer. Gas Light 
Assoc.) (24) Serial beginning Nov. 14. 

New Machine for Molding Cement and Sand Bricks.* (13) Nov. 17. 

The Adriance New Type Combined Drawing and Reducing Press.* (20) Nov. 

The Liquid Fuel Investigation the Navy Department. (62) Nov. 17. 

Mechanical Wood-Worker.* (12) Nov. 18. 

Pipes and Joints for High Pressures.* Franklin Riffle. (Abstract Paper read before 
the Technical Soc. the Pacific Coast.) (22) Nov. 18. 

500-kw. Curtis Turbine Set Cork.* (73) Nov. 18; (47) Nov. 26; (17) Dec. 

The Vulcan Swivel Syphon and Pressure Gauge.* (47) Nov. 19, 

Gas Engine Testing the Works the Westinghouse Machine Co. Arnold. 
(From the Journal the Elec. Club Pittsburg.) (14) Nov. 19. 

The Properties Blue Gas. Hills. (24) Nov. 21. 

Ingenious and Effective Air-Lift Pump.* (13) Nov. 24. 


Chemistry inthe Foundry. before the New England 
men’s Assoc.) (20) Nov. 24. 
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Steam Engines and Turbines. Bowman. (Lecture before the National Assoc. 
Colliery Mgrs.) (22) Nov. 25. 

The Smoke Problem.* F.J. Rowan. (Paper read before the Inst. Engrs. and Ship- 
builders Scotland.) (47) Serial beginning Nov. 26. 

The National Steel Foundry Company.* (14) Nov. 26. 

The Revivification Oxide Situ. James Bell. (Paper read before the Scottish 
Junior Gas (24) Nov. 28. 

Gravity Mill the Pyrenees.* Geo. Peek. (9) Dec. 

Stocker Cooling Tower.* (9) Dec. 

The Panama Conveyor and Dumping Car.* (41) Dec. 

The Jones Underfeed Stoker.* (Rept. Committee Science and the Arts.) (3) Dec. 

Power Plants the Atlas Portland Cement Co.* (64) Dec. 

Future Progress the Steam Engine.* Ed. Williams. (64) Dec. 

Comparison Boiler Trials.* Wallace. (64) Dec. 

Suction Gas Producers.* (64) Dec. 

Lubricating the Valve and Cylinder.* Parker. (64) Dec. 

The Steam Turbines the St. Louis Exposition.* (64) Dec. 

and Practice the Construction Steam Boilers. Egbert Watson. 
(9) Dee. 

Power Required Machine Tools.* (25) Dec. 

The Poston Paving Brick Co., Crawfordsville, Ind.* (76) Dec. 

Continuous Kilns.* (76) Serial beginning Dec. 

The Campus Brick and Tile Works, Campus, (76) Dec. 

New Type Engine.* (17) Nov. 26; (76) Dec. 

The Scottdale Corliss Engine.* (64) Dec.: (20) Dec. 

Modern Planers.* Joseph Horner. (10) Dec. 

Motor Equipped Pump Building Shops.* Dec. (27) Dee. 

Profit the Use High Speed Steel Tools.* (20) 

The New Prentice 18-Inch Lathe.* (20) Dee. 

The Forter Charger for Annealing Furnaces.* (20) 

Novel Trench Excavating Machine.* (13) 

Power Hoists for Stationary and Trolley Service.* (40) Dec. 

Automobile: Simplified Type Machine with Magnetic Clutches.* 
(19) Dec. 3. 

The Silent Chain for Driving Machinery.* (14) Dec. (17) Dec. (27) 

Gas Engines the Works the Power Mining Machinery Company.* (17) Dec. 

Some Foreign Yard Cranes and Derricks.* (18) Dec. 

More New Types Prime-Movers World’s Fair.* (27) 

Rotary Engines.* (27) Dec. 

Large Engines the Power Plant the St. Louis Exhibition.* (13) Dec. 

The Best Economy the Piston Steam Engine the Advent the Steam Turbine. 


Denton, Am. Soe. (Paper read before the International Cong. Arts 
and Sciences.) (13) Dec. 


The New Warner Swasey Turret Lathe.* (20) Dec. 

The Indiana Volume Blowers and Exhausters.* (20) Dec. 

The American Electric Controller Company Rheocrat.* (20) 

Gas Producer.* (16) Dec. 

Gas Engines Power Plants. Wm. Magruder. (Paper read before the Ohio Soc. 
Mech., Elec., and Steam Engrs.) (62) Dec. 


for Charging and Discharging Gas Retorts.* Emile Guarini. (19) 
ec. 10. 


Nouveau Systéme Cabestan Electrique.* (36) Oct. 25. 

Force Motrice Saint-Louis: Groupe Electrogéne des Sociétés 
Delaunay-Belleville Electrique.* Charles Dantin. (33) Oct. 29. 

Niveaux d’Eau pour Chaudiéres Vapeur.* (34) Nov. 

Machines Mouler les Cintrés.* (34) Nov. 

Graisseurs Mécaniques pour Voitures Automobiles.* (34) Serial beginning Nov. 

ov. 

Alsacienne Constructions Mécaniques.* Zweifel. (33) Nov. 19. 


Mulhouse.* (33) Nov. 19. 


Ore and Stone-Crushing Machines.* (11) Oct. 28; (12) Oct. 28; (22) Oct. 28. 


Foundry Practice with Copper and its Alloys. W.J. Reardon. (Paper read before the 
Club.) (47) Oct. 29. 


‘On Plants for the Production Castings. (22) Nov. 

Electric Smelting Iron and Steel. (Abstract Paper read before 
the Staffordshire Iron and Steel Inst.) (22) Nov. 

Tube Mills: the Mode Operation.* Hermann Fischer. (68) Nov. (Abstract from 
the Zeitschrift des Vereines Deutscher Ingenieure.) (16) Nov. 17. 


} 
| | 
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Roasting the Tyee Smelter.* Jacobs. (16) Nov. 10. 

Recent Developments Crushing and Concentrating Machines. James Thame. (Ab- 
stract Paper read before the Soc. Engrs.) (47) Nov. 12. 

Notes Southern Pig Iron. Eliot Kebler. (Paper read before the Pittsburgh Foun- 
drymen’s Assoc.) (20) Nov. 17. 

The Determination Copper. Andrew Fairlie. (16) Nov. 17. 

Tube Mills Adopted the Rand Mines. (68) Nov. 19. 

American Steel and Wire Company, Cleveland.* 25. 

Pig-Iron Casting, Cooling and Conveying Plant.* (22) Nov. 25. 

Electric Furnace for the Metallurgy Copper.* Nature.) (19) Nov. 

Smelters and Smelting Practice British Columbia.* William Brewer. (9) Dec- 

The Molecular Aggregates Pig Lron and Steel. Elbers. (24) 

The New Chlorination.* William Greenawalt. (16) 

Fan and Positive Pressure Blower Tests. (20) 


Military. 


Continuous Reading Range and Azimuth Finder; St. Louis Exhibition. (11) Oct. 28. 
Disappearing Gun-Carriages.* (19) Nov. 26. 


Mining. 


Description Houldsworth Colliery, Dalmellington.* William Smith. (59) 

Waste-Water Wallyford Colliery.* Robert Thomas Moore. (59) Vol 
27, Pt. 

Fire Lanarkshire Colliery, and Description Condenser Used Thereat.* James 
C. Weir. (50) Vol. 27, Pt. 1. 

Electric Power Distribution Mining. Huber. (68) Oct. 29. 

Power Plants Collieries. Maurice Deacon, Inst. (From Second Rept. the 
Royal Commission Coal Supplies.) (47) Oct. 29. 

Small Quick-Running Fans for Ventilation: Account Some New Ventilators 
for this Purpose and the Advantages Claimed.* James Tonge. (45) Nov. 

The Hoisting Problem: The Relation the Underground Requirements, the Engineer- 
ing and Mechanical, and the Financial Considerations. James Thompson. (Paper 
read before the Lake Superior Mining Inst.) (45) Nov. 

Richmond No. Shaft: Employed Sinking Through Quicksand Near 
ton Connect with Workings Below.* Frank Wolfe. (45) Nov. 

Shaft Sinking Through Quicksand: Description the Methods Employed Susque- 
hanna Mine, Hibbing, Minn. (From Proceedings Lake Superior 
Min. Inst.) (45) Nov. 

Mechanical Devices American Collieries.* Logan. (Abstract Paper read 
before the Central Min. Inst. Western Pennsylvania.) (57) Nov. 

Causes Explosions Air Compressors. Goffe. (Abstract Paper read before 
the Mechanical Engineers’ Assoc. the Witwatersrand.) (12) Nov. 11; (14) 

The New Winning Dawdon Colliery. (57) Nov. 18. 

Gibson Patent Rock Drill.* (26) Nov. 18. 

Two Years’ Experience Winning Coal Machinery. Kirkup. (Paper read 
before the National Colliery Mgrs.) (22) 18. 

Notes the Application Oil Engine Main and Tail and Endless Rope Haulage 
Combined.* W.C. Blackett. (Paper read before the National Assoc. Colliery 
Mgrs.) (22) Nov. 18. 

Safety Stop Apparatus for Hoisting Engines.* (68) Nov. 26. 

Gold Dredging Oroville.* Howard Smith and Elwyn Stebbins. (16) Dec. 


Miscellaneous. 


The Inch Versus the Metre: For Universal Metric System. Moores. (10) Dec. 

The Engineering Industrial Buildings. Newman Collins. (20) 

Municipal. 

The Lighting Streets Manchester.* Pearce. (Rept. the Special St. Mains 
Sub-Com. the Manchester Corporation.) (73) Nov. 

Five Years’ Operation the Winnipeg Municipal Asphalt Plant. Ruttan. (Pa- 
per read before the Amer. Soc. Municipal Impvts.) (14) Nov. 12. 

The Oiled Roads California. (14) Serial beginning Dec. 

Bitulithic Pavement Newark, (14) Dec. 10. 

Granit-Asphalte les Chaussées Asphalte Espitallier. (33) Oct. 


Railroad. 


Railway-Wagons Steel.* James Denis Twinberrow. (63) Vol. 


Iron and Steel Railway-Wagons High Capacity.* James Thomas Jepson. (63) Vol. 


157. 
The Iron and Steel Railway-Wagons.* Arthur Lewis Shackleford. (63) 
ol. 157. 3 
First-Ciass Saloon for the South-Eastern and Chatham Railway.* Oct. 28. 
North-Eastern Railway Electric Goods Locomotives.* (73) Oct. 28. 
Electric Railway with Protected Stillwell. (Abstract Paper 
read before the International Elec. Cong.) (47) Oct. 29. 
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Standard Rail Sections. (Report the Engineering Standards Committee.)* 
Oct. 29; (22) Oct. 28. 

The Electric Railway Guarini. (72) Nov. 

Cutting Keyways Driving Axles.* (39) Nov. 

Consolidation Freight Locomotive, Canadian Pacific Railway.* (39) Nov. 

Hydraulic Piston Puller.* (39) Nov. 

Equipment for Modern Blacksmith Shop for Railroad Work.* McCaslin. (Pa- 
per presented before the National Master Blacksmiths’ Assoc.) (39) Nov. 

The Westinghouse Automatic Coupler.* (21) Nov. 

Steam Passenger Cars: Taff Vale Railway.* (21) Nov. 

Recent Locomotive Work the London and North-Western Railway. Charles Rous- 
Marten. (12) Serial beginning Nov. 

The Young Rotary Valve and Gear for Locomotives.* (40) Nov. (18) Nov. 

The Locomotive and Machine Company Montreal, Ltd.* (18) Nov. 

Atlantic Type Oil Burner, Southern Co. (18) Nov. 

The New York Central Power House. (27) Nov. 

(13) Nov. 10. 

The Beard Car Coupler.* (20) Nov. 10. 

Engine 1500 the St. Louis Exhibition.* (13) 

ov. le 

The Washington Terminal Improvements the Baltimore Ohio and the Pennsylvania 
Strouse. (13) Nov. 10. 

The Remarkable Progress the Hudson River Tunnel for the New York New Jersey 
R. R. Co.* (13) Nov. 10. ; 

Great Northern Tunnel (15) Nov. 11. 

and Terminal Approaches Washington, C.* Strouse. (15) 
NOV. . 

The Mallet Articulated Locomotive the St. Louis Exhibition.* Hanbury, 

Auto Cars French Railways.* (40) Nov. 11. 

Rails for Lines with Fast Trains. Post. (From Bulletin the International Ry. 
Cong.) (40) Nov. 

Boston Maine 10-wheel Passenger Locomotive.* (40) Nov. 11. 

The King-Lawson Dumping Car.* (40) Nov. 11: (25) 

Improvements the Morris Essex Division the Lackawanna (14) Serial 
beginning Nov. 12. 

The Steel Construction the Wabash Terminal Pittsburg.* (14) Nov. 12. 

Public Tests the New York Central Electric Locomotive.* (46) Nov. 12; (13) Nov. 17; 
(20) Nov. 17; Nov. 18; (40) Nov. 18; (14) Nov. 19; (27) Nov. 19; (17) Nov. 19; 
(18) Nov. 19; (25) (72) Nov. 

The Miirren Cable Railroad the Swiss Alps. (46) Nov. 12. 

Rail Lock for Drawbridges, Ry.* (18) Nov. 12. 

Baldwin Balanced Compound Locomotive.* W.J. (Paper 
read before the Traveling Engineers’ Assoc.) (18) Nov. 12. 

Steel Castings. (Abstract Paper presented before the Ry. Club 
Pittsburg.) (18) Nov. 12. 

How Maintain Surface, Line and Gage. (Committee Rept. the Roadmasters and 

Bay Shore Cut-Off the Southern Pacific.* (15) Nov. 18. 

Chicago, Burlington Quincy Line Revision.* (40) Nov. 18. 

Appliances and Block Signals: Proposed Bill Requiring Use the Block System. 
(Rept. Committee the National Assoc. Ry. Commissioners.) (40) Nov. 18. 

The Shops the Locomotive Machine Company Montreal.* (40) Nov. 18; (25) Dec. 

Tidewater Terminal the Western Maryland Baltimore.* (15) Nov. 18. 

Eight-Coupled Locomotive for Goods Traffic; Great Central Railway.* (11) Nov. 18. 

with Manganese Frogs the Broad Street Terminal, Philadelphia.* (17) 
NOV. 

Boiler Troubles Large Locomotives. Harry Bently. (Paper presented before the 
Ry. Club.) Nov. 19. 

German Four-Cylinder Balanced Compound Locomotive, with Superheater, the St. 
Louis Exhibition.* (13) Nov. 24. 

Comparative Cost Fast and Slow Freight Service.* W.B. Poland. (From Bulletin 

the Amer. Ry. Eng. and Assoc.) (15) Nov. 25; (18) 
Nov. 26; (13) Dec. 

Steel Cars. MacEnulty. (Abstract Paper read before the New England 
Club.) (15) Nov. 25. 

Improvements the Spencer Shops the Southern Railway.* (15) Nov. 25. 

The Grand Trunk Pacific. Mackenzie King. (From the Quarterly Journal 
Economics.) Nov. 25. 

Passenger Stations the Duluth, South Shore Atlantic.* (15) Nov. 25. 

The New Haven’s Merchants’ Limited Train.* (40) Nov. 25. 

Standard Locomotives for the Southern Pacitic.* (40) Nov. 25. 

New Locomotive, M.S. Ry.* (18) Nov. 26. 


Draft Ash Pans.* (Committee Rept. presented before the North-West Ry. Club.) 
(18) Nov. 26. 
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Railroad— (Continued). 

The Natal: Their Characteristics, Trains and Train Service.* Gairns. 
(10) Dee. 

Freight with Superheaters 2-8-0 Type: The Canadian Pacific Railway.* 
(25) Dec. 

The Actual Building Chinese Railway.* Justin Burns. (9) Dec. 

and Tool-Room Practice Railway Repair Shop. Emerson. (9) 

ec, 

Prairie Type Locomotive: Lake Shore Michigan Southern Railway.* (25) 

Jee. 

Instructive Tests Baldwin Balanced Compound Locomotive: Burlington Missouri 

River Railroad. (25) Dec. 

Vauclain Four-Cylinder Balanced Compound Locomotive: 4-6-0 Type: New York, New 
Haven Hartford Railway.* (25) Dec. 

Boiler with Treated Water: Records from Chicago North Western Railway. 
(25) Dee. 

The Old Monroe-Mexico Branch the Burlington.* (15) Dec. 

Norfolk Western Station Roanoke.* (15) 

Class Prairie Locomotive for the Lake (40) Dec. (15) 

Tie Timber and Spikes Argentine Republic. 

Consolidation Locomotive, Buffalo, Rochester Pittsburg Ry.* (18) 

Angus Locomotive and Car Shops, Montreal: Canadian Pacific Railway. (25) Serial 
beginning (40) Serial beginning Dee. 

The Northern Pacific Mikado Locomotive.* (40) Dec. 

Signals St. Louis Union Station.* (15) Dec. 

Concrete Wall Eleven Years Old.* (15) Dec. 

The Block System the Vandalia Line. John Davis. (Abstract Address before 
the St. Louis Ry. Club.) (15) 

Electrification the North-Eastern Railroad Great Britain.* (19) Dec. 10. 

The Foundations for the Yonkers Power House the New York Central Hudson 
River R.: The Present Stage One the Two Stations Furnish Electricity 
for Handling the Train Service near New York.* (14) 10. 

Les Grandes Vitesses les Chemins Fer.* Von Borries. Zeitschrift 
des Vereines deutscher Ingenieure.) (38) Nov. 

Note sur Nouvelle Gare Saint-Omer.* Goaster. (38) Nov. 

Chemin Fer Port Narvik (Norvége).* Cnarles Delgobe. (33) Nov. 

Chemin Fer Chamonix.* (36) Serial beginning Nov. 10. 

Transit Railroad entre New York Brooklyn.* (33) 

Nov. 19. 
Voiture Automotrice Pétroléo-Electrique North Eastern Railway.* (33) Nov. 26. 


Railroad, Street. 


System Automatic Regenerative Control for Electric Traction. John 
Paper read before the Tramways and Light Rys. (73) 
Oct. 28. ° 

Sterling, Dixon Eastern Electric Railway.* (72) Nov. 

The St. Gall-Speicher-Trogen Railway.* Herzog. (72) Nov. 

Piping and Power Station Systems. William Morris. (72) Serial beginning Nov. 

Piping Diagrams. (72) Serial beginning Nov. 

Deck Cars with Covered Tops: Review Current British Practice.* (72) 

ov. 

Discussion St. Sept. 14, 1904, Different Methods and Systems Using 
Alternating Current Electric Railway (42) Nov. 

Automatic Signals for Electric Tramways.* (21) Nov. 

for Single-Phase Alternating Current.* Hans Behn-Eschenburg. (11) 

ov. 

Notes Permanent Way for Tramways. Connett. (Abstract Paper read 
before the Tramways and Light Rys. (73) Nov. (17) Nov. 26. 

The New York Subway Under the East River.* (20) Nov. 10. 

The Toku Metropolitan Railway.* (11) Nov. 

Steam Motor Coach.* (12) 11. 

Wakefield and District Light Railways.* (12) Nov. 11. 

The Economics Electric Tramways Britain.* Robert (12) Nov. 11. 

The Stalybridge, Hyde, Mossley and Dukinfield Tramways and Electricity Board’s 
(26) Nov. 11. 

Average Speeds and Speed Allowances. Fearnley. (Abstract Paper read be- 
fore the Assoc. Tramway and Light Ry. Officials.) (26) Nov. 11. 

The Signal System the Subway Division, Interborough Rapid Transit Co., New 
York.* (14) Nov. 12. 

the Rails Electric Street Railways Return the Current the Generating Station, 
Simply Act Ground? Emile Guarini. (19) Nov. 12. 

Indianapolis Traction Terminal Building.* (17) Nov. 12. 

New Car House and Repair Shop 12. 

Field Notes the Electric Railway Tests.* (17) Nov. 12. 

The Electrical Equipment the Karawanken Tunnel.* Nov. 12. 
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Railroad, Street— (Continued). 


Details the Westinghouse Single-Phase Electric Railway System.* (27) Nov. 12. 

The Single-Phase Railway Motor. (Abstract Lecture before the 
New York Elec. Soc.) (17) Nov. 12; (27) Nov. 12; Abstract Discussion (27) 
Nov. 19; (17) 26. 

Concerning Noise the Operation Elevated Railways.* (13) Nov. 17. 

Permanent Way for Tramways.* Chas. Taylor. (Paper read before the Rugby 
Eng. (47) Nov. 19; Abstract (73) Nov. 18. 

The Electricity Works.* (26) 18. 

Concrete-Steel Hot Well.* (14) Nov. 19. 

Roots’ Railway Motor-Car.* (47) Nov. 19. 

Electrifying the New Williamsburg Bridge.* (17) Nov. 19. 

Converting Summer Winter Cars Cleveland.* (17) Nov. 19. 

Gears and Motor Lubrication Providence.* (17) Nov. 19. 

The Operative Exhibits the Westinghouse Traction Brake Company Louisiana 
Purchase Exposition.* (17) Nov. 19. 

All-Steel Car for the Metropolitan Elevated, Chicago.* (17) Nov. 26. 

The Cleveland South Western Traction Unique Line Car.* (17) Nov. 26. 

The Railway Between Aberdeen and Hoquiam, Washington.* (17) Nov. 26. 

The Test Car.* Albert Herrick. (17) Nov. 26. 

Economical Power Plant Lima. Ohio.* Frank Rae. (17) Nov. 26. 

Traction Systems Paris.* Paul Dubois. (27) Nov. 26. 

The Winter-Eichberg Single-Phase Railway System. (27) Nov. 26. 

Sub-Station the Brooklyn Rapid Transit Co.* (14) 

26. 

The Wellington, Z., Tramways.* (17) Dec. 

Train Resistance.* Davis. Jr. (17) Dee. 

Car Wheels. A.N. Banister. (Abstract Paper read before the Assoc. Tramway 
and Light Ry. Officials.) (17) Dec. 

The Scioto Valley Traction Company.* (17) Dec. (14) 

The Car House the Subway Division, Interborough Rapid Transit Co.* (14) 

The Leeds, Wakefield and West Riding Tramways.* (17) 

Mechanical Features the Twin City Rapid Transit Company’s New Power Plant.* 
Howard Knowlton. (14) 10. 

Electric Railways Green Bay, Wis.* (17) 10. 
Division Terminal New Jersey: New Shop (17) Dec. 10. 
Direct-Current Railway between Tabor and Bechyne, Bohemia.* (17) 
10. 

Sanders.* Dec. 10. 

Des Conditions Traction Electrique sur les Chemins Fer Metropolitains des 
Dits Unités Multiples.* (36) Serial beginning Nov. 
ao. 


Sanitary. 


The Cleaning and Flushing Sewers: Discussion the Sanitary Section the Boston 
Society Civil Engineers.* (1) Oct. 

The Disposal Municipal Refuse. (1) Oct. 

Some Examples Recent Main Sewer Construction the City Philadelphia.* 
Ott. (2) Oct. 

The Warming Public Buildings the Warm-Air System Considered from 
gienic Point View. H.H. Grundy. (Paper read before the British Inst. Heat. 
and Vent. Engrs.) (70) Nov. 

Hot Water Heating Systems with Accelerated Circulation (Theory and Discussion).* 
Debesson. (70) Nov. 

Heating System with Construction Details, and Explained.* 
(70) Serial beginning Nov. 

The Sewage Testing Station Columbus, Ohio.* John Gregory. (14) Nov. 19. 

The Shone System Fan Sewers Darley Abbey and 
land. (13) Nov. 24. 

Sewage Disposal Experiments Hanley, England. (14) Nov. 26. 

Concrete for Brooklyn Sewers. Brackenridge, Am. 26. 

Central Station Heating. W.H. Schott. Dec. 

Tools Used Cleaning Sewers.* Ben. Briggs. (60) Dec. 

The Steam Turbine Refuse Destruction Plant. Alfred Gradenwitz. (60) 

Sewage Purification Works for Populations. Martin. (From The Public 
Health Engineer.) (13) Dec. 

Sewer Siphons Brooklyn, Y.* (14) Dec. 

The Combined Lighting and Heating Plant the Columbus, Ohio, Public Service 
Company.* (27) 

The Septic Tanks Greensboro, N.C. W.G. Potter. (14) 10. 


Structural. 
Fireproof Floor Construction.* J.T. Montgomery. (4) Oct. 
Standard Floor Arch Construction.* Johnson. (4) Oct. 


Rapid Method for the Determination Lime Cement. Bernard Enright. (Paper 
read before the Amer. Chem. Soc.) (67) Oct. 
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Structural—(Continued). 


Indentation Tests Steel.* (12) Oct. 28. 

Tensile Impact Tests Metals.* Kendrick Hatt. (Paper presented before the 
Amer. Soc. for Testing Materials.) (47) Serial beginning Oct. 29. 

Reinforced Concrete Construction.* John Wolf. (72) Nov. 

The Cement Exhibits the St. Louis Exhibition.* (13) Nov. 10. 

Use Steel Modern Buildings. John Goodman, (Lecture delivered 
before the Bradford Engineering (47) Nov. 12. 

New Flooring Material. (19) Nov. 12. 

The Erection the New York Public Library.* (14) Nov. 12. 

Two New Timber Preservation Processes the St. Louis Exhibition.* (13) Nov. 17. 

Hot Well.* (14) Nov. 19. 

Moving and Erecting Large Granite Columns.* (14) Nov. 19. 

The the New Amsterdam Theatre, New York.* (14) Serial beginning 

ov. 19. 

Concealed Underpinning for New York Residence.* (14) Nov. 26. 

Fire Test Concrete Floor.* Woolson. (14) Nov. 26. 

Steel Concrete Chimneys.* (64) Dec. 

Natural Hydraulic Cements. Eckel. (60) Dec. 

Strength Reinforced Concrete Beams. (60) Dec. 

Load Test 55-ft. Reinforced Concrete Girder, Cleveland, O.* (13) 

The Erection the Trinity Building, New York.* (14) 

Rebuilding the Campanile Venice.* (14) 

The Works the Power and Mining Machinery Co.* (14) Dec. 

Six Story Factory Building Brooklyn.* Dee. 10. 

The Constitution Portland Cement from Physico-Chemical Standpoint. Clifford 
Richardson. (Address before the Assoc. Portland Cement Manufacturers.) 
Serial beginning 10. 

Platre.* (36) Oct. 25. 

Note sur Procédé pour Déterminer Pression Maxima Base d’un 
Mur.* Busset-Schiller. (36) Oct. 25. 

Liége Aggloméré dans Construction. Boulat. (36) Oct. 25. 

Cheminées d’Usines en Ciment Armé.* (35) Nov. 

Expériences Théories Richardson sur Constitution Ciment Portland. 
Lemaire. (33) Nov. 19. 

Etude sur les Matériaux Réfractaires. Marie-Auguste Morel. (36) Nov. 25. 


Topographical. 
How the Massachusetts Northern Boundary was Run Without Random Lines. 
Spofford. (14) 10, 


Water Supply. 


The most suitable for Low Falls.* Alphonse Steiger. Inst. 
(63) Vol. 157. 

Methods for the Removal Incrustation Water-Mains; with Description the 
Automatic Machine Employed the Melbourne Water-Supply.* Edgar Gowar 
Ritchie. (63) Vol. 157. 

Irrigation the Native Reserves the Colony Natal.* Albert James Humby, 
Inst. (63) Vol. 157. 

Thawing Services and Mains Electricity. J.M.Diven. (Paper read before the Amer. 
Water Works (70) Nov. 

The Odessa Water Works.* (11) Nov. 4. 

The Governing Impulse Water-Wheels.* John Goodman, (11) Nov. 

The Prevention Lead Poisoning from Water Service Pipes 
Bohemia. (13) Nov. 10. 

Experiments and Formula for the Efficiency Tangential Water-Wheels.* 
Groat. (13) Nov. 10. 

Hydraulic Relief Valves for Water-Wheel Penstocks.* (13) Nov. 10; (27) Nov. 12. 

The Coolgardie Water Works.* (19) Nov. 12. 

Filters the Hackensack Water Company.* (14) Serial beginning 
NOV. 1%. 

The Million-Gallon Water Tower the East Providence Water Co.* (14) Nov. 12. 

The Failure Small Brick Reservoir Winston, N.C. Ludlow, Am. 
C.E. Nov. 1%. 

Tables for Computing Compound Duplex Steam Pumps. Mitchell. (13) Nov. 17. 

Dam and Paving River Bank Des Moines, Ia.* Burdick. (13) 

17. 

Electrolytic Corrosion Water Pipes Bayonne, J.* (13) Nov. 17. 

Pumping Plant Chatham Dockyard.* (12) Nov. 18. 

Repairing the Lining Small Reservoir Chelsea, Mass.* (14) Nov. 19. 

High Duty from Direct Acting Pumping Engine Without Flywheel High-Duty 
Attachment.* (13) Nov. 24. 

Data Regard the Present Low Water Period the Southeastern States. 
Hall. (13) Nov. 24. 

The Progressive Sinking the Ground Water Level and Artificial Ground Water Sup- 

plies.* Richert. (13) Nov. 24. 


Tilustrated. 
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Water Supply—(Continued). 


Electric Power Along Niagara Frontier.* (27) Nov. 26. 

Test Pumping Engine the Odessa Water-Works. (14) Nov. 26. 

Current Wheels for Raising Water. (14) Nov. 26. 

The New High Service Reservoir Holyoke.* (14) Nov. 26. 

Calculating Diagram for Capacities E.C. Wolfe. (64) Dec. 

ualitative Testing Feed Water. Jenkins.* (64) Dec. 
Commercial Development Water Power. Alton Adams. (10) Dec. 

The Philadelphia Filtration System: (Torresdale Tunnel Conduit.) (13) Dee. 

Stand Pipe Failureat Sanford, Me. Charles Sherman, Am. Soc. (13) Dec. 

The Cost One and Half Miles 6-in. Water Pipe. Edward Cowan. (13) Dec. 

Niagara Power Buffalo. (27) Serial beginning Dec. 

the Weston Aqueduct the Metropolitan Water-Works.* (14) 

Current Wheels: Their Use Lifting Water (19) Serial beginning Dec. 

Low Concrete Dam Manchester, Ia.* (14) Dec. 

Concrete-Steel Dam Danville, Ky.* (14) Dec. 

Failure Reservoir Bottom Red Wing, Minn.* F.H. Bass. (13) Dec. 

Notes the Computation Stream Gagings.* Stout. (Paper prepared for 
the National Irrigation (13) Dec. 

Travaux Hydro-Electrique Compagnie Toronto and 
Niagara Power. Oct. 29. 

Filtres Sable Ville Providence Paul Razous. (33) Nov. 12. 

Usine Hydro-Electrique Bournillon (Isére) Nouveau Régulateur Vitesse pour 
Turbines.* Ch. Dantin. (33) Nov. 


Waterways. 

The Tonnage-Laws and the Assessment Harbour-Dues and Charges. Henry Hartley 
West, Inst.C. (63) Vol. 157. 

The Jamrao Canal.* Arthur Hill. (63) Vol. 157. 

The Steam Dredger Vulcan.* (12) Oct. 28. 

The Projected New Canal from the River Rhine the City Hanover.* (22) Nov. 

Engineering Work the New York Barge Canal Improvements. (14) 

ov. 12. 

Tidewater Terminal the Western Maryland Baltimore.* (15) Nov. 18. 

Small Sea Wall and Breakwater.* (14) Nov. 19. 

Debris-Restraining Barriers the Yuba River.* Harts. (19) Nov. 19. 

The Charles River Dam and Lock Boston.* John Ferguson. (14) Nov. 

Proposed Cofferdam for Raising the Battleship Maine.* (13) Dec. 

Les Principaux Ports Manche Servant Transit Entre France 
Bonnin. (36) Serial beginning Oct. 25. 
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METHODS LOCATION THE CHOCTAW, 
OKLAHOMA AND GULF RAILROAD. 


PRESENTED JANUARY 4TH, 1905. 


There has been much written the theory railroad location, 
but the writer recalls little the actual practice and modern methods 
procedure the field, and while feels that there are many 
engineers far better qualified than take the subject, the 
fact remains that they have not done so, and there little rec- 
ord current practice. hoped that this paper will evoke some 
discussion, which will cover the subject from the many different 
standpoints and form basis for more uniform methods. 

The writer has been connected with surveys for the location 
railroads many parts the United States and South and Central 
America, during the past fifteen years, and has been impressed 
the wide variation methods adopted different men and railroad 
companies, and, great extent, their general assurance that the 
methods each were right, and, having had all kinds assistance 
and equipment, from almost nothing up, was, therefore, all the more 


are issued before the date set for presentation and discussion. 
invited from those who cannot present the meeting, and may 
sent the Secretary. Discussion, either oral written, will published 


subsequent number Proceedings, and, when finally closed, the papers, with discussion 
full, will published Transactions. 
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ready appreciate the conditions under which the surveys were 
conducted which form the basis this paper. 

During 1902 the writer was engaged making location surveys for 
the Choctaw, Oklahoma and Gulf Railroad (now part the Rock 
Island System) Oklahoma, Indian Territory and Northern Texas. 
Molitor, Am. E:, was Chief Engineer, and 
Beard, Am. Soc. E., Principal Assistant Engineer, and them 
the writer largely indebted for much the matter contained this 
paper. 

Many different lines were investigated, and, between 1898 and 1902, 
some 800 miles branches and extensions this road were built, 
through five different states and territories. times 
many ten more locating parties were the field the same 
time; the methods adopted, therefore, were such were adapted 
maintaining parties the field continuously. 

The writer has confined himself entirely the methods making 
surveys, and the organization and equipment parties, practiced 
generally this road, with whatever added notes from his own ex- 
perience has thought useful, and has not attempted consider 
any way the theory railroad location. 

obvious, course, that the equipment field parties must 
vary with the locality which they are engaged. the general 
practice, however, except very few the Northeastern States, 
provide the parties with camp outfit more less complete, accord- 
ing the policy the road, its financial status, and the facilities 
transport. the writer’s experience that the completeness 
the survey very apt vary directly with the completeness the 
outfit supplied the railroad, and has, therefore, entered more 
less minutely into camp equipment; for, although this has 
been noticed elsewhere, particularly Rules for Locating Engineers 
the Northern Pacific Railroad,” Am. Soe. 
E., the practice varies considerably. 

The following list the camp equipment furnished the 
Choctaw, Oklahoma and Gulf Railroad: 


Office tent with fly......... ft. dozen camp chairs. 


Drafting and office tables. paper, 


| 
| 
} 
> 


866 METHODS RAILROAD LOCATION. [Papers. 


TABLE: 


dozen agate ware dinner plates. dozen tin pepper boxes. 

2 “ saucers. 4 “ “ 1 

forks. carving knife and fork. 

German silver teaspoons. yds. oilcloth, in. wide. 

spoons. standard trestles (see sketch, Fig. 3). 


tin salt boxes. 


tea-kettle. flour sieve. 
large cast-iron pot. colander. 
5-gal. tin dishpan. 
large frying pans. 15-gal. bread pan with cover. 
griddles. bread board. 
tin pans with covers, gal. each. rolling-pin. 
stewpans. biscuit cutter. 
coffee-pot. nutmeg grater. 
gal. teapot. coffee-mill. 
dripping-pans. spring balance. 
baking tins for bread. galvanized-iron buckets. 
tin pie plates. tin dippers (one for each tent and two 
butcher knives. cook tent). 
steel. can openers. 
large meat forks. corkscrew. 
large iron spoons. alarm clock. 
soup-ladle. table (same drafting tables). 
MISCELLANEOUS: 
dozen Dietz lanterns. stoves lengths pipe with 
large tin lamps (central-draft, round dampers, lengths plain pipe) 
wicks). (see Fig. 1). 
galvanized-iron washtubs. water kegs, gal. each. 
washboard. washbasins. 
grindstone and fittings. chopping-axes. 
monkey wrench. dozen axe handles. 
pick. bundle sail twine. 
shovels. dozen sail needles. 
short crowbar. sail palm. 
hand-saw. Ib. assorted sizes wire nails. 
cross-cut saw. 100 ft. manila rope, 
hand-axes. 
Box:* (SEE SKETCH, 5). 
dozen agate-ware dinner plates. German silver teaspoons. 


forks. 


the Choctaw, Oklahoma and Gulf Railroad, this extra equipment for the lunch 


box was not ordinarily furnished; the writer, explained later, believes 
economy, however, provide this. 
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Tents.—The tents furnished were 12- 
duck, roped the seams and ridges 


with Manila rope. They were with- 
out ridge poles, four upright poles sup- 
porting the center, and four each side 
supporting the walls. Tackle was, also, 


provided, and two single blocks the 
front guy rope, there being rectangular 
door flaps each end, with substantial 
leather buckles for fastening them. 


Leather stove pipe holes with asbestos 
filling between the leather were provided. 
The office tent had 5-ft. walls; the others, Joints Stove Pipe. 


The writer believes that, when the 


genuine Mt. Vernon army duck can obtained, duck gives 
practically good service, far life concerned, the 
stiffer duck, when folded, easily cuts and wears the creases when 
carried the wagons. very hot weather, very rainy coun- 
try, fly desirable. cold weather, with the lighter tents, 
with the ordinary Sibley stove, but, necessary provide camp 
equipment cold climate, the whole equipment can kept down 
that size. 

Drafting Tables.—The tops the drafting tables (Fig. were 
clear white pine, with hinged legs, connected 3-in. webbing, ar- 
ranged that the legs folded flat against the tops. When moving 
camp, the tables were placed face face and tied together, thus pre- 
venting injury the tops. 

Dining Table.—The planks forming the top and seats the dining 
table (Fig. are placed the bottom the wagon when moving 
camp, they take very little room the bed the wagon, and 
the projection the planks the rear provides support for the 
stacked Sibley stoves and other light equipment. The legs the 
lower portion the horses are spaced straddle the wagon and 
drop down between the bed and the rear wheels. 

Stationery and Map Chest.—It important that this chest (Fig. 


should well and strongly made. The protection the maps, 
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often the results the expenditure thousands dollars, should 
not depend any cheap temporary expedient, often the case. 
not uncommon experience caught the rain while mov- 
ing camp, and the best tents are not always impervious water. 
should insisted upon that all maps, notebooks, should 
placed the chest over night. Necessary stationery, drawing paper, 
supplies, will vary with different requirements and individual 


For drawing table make legs 


kitchen and office tables 
make legs 


Fia. 


preferences. The list given Mr. McHenry, the book referred to, 
quite complete. 

Lunch Box.—The midday meal being eaten the field, substan- 
tial lunch box (Fig. should provided, with separate equip- 
ment plates, knives, forks, etc., from that used camp. 

The party should ready start for work immediately after 
breakfast, and should not kept waiting while the breakfast dishes 
are being washed into the lunch box, nor should they have 
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wait for their supper, while the dishes used the line during the 
day are being prepared for use. The lunch box can best de- 
signed camp after starting, that can made fit the supplies 
purchased. 

being organized, the party with which the writer was connected 
proceeded rail the point nearest the proposed line, which 
place teams had already been engaged. The cooking utensils and 
preliminary bill supplies had purchased, however, that and 


the loading the teams occupying the remainder the day 
arrival. 


Fit mortise and tenons 
both ends posts tight 
but not fasten, horse 
will_ knock down, 


DINING TABLE. 


Fia. 


The following day the outfit was started. Most the men 
walked, about one-fourth them time being allowed ride. 
Thirty miles over poor roads were covered M., camping place 
was selected, tents put and the men were eating supper 
The first stake was driven before the next morning, and the 
work fairly started. This not noted uncommon occurrence, 
but representative practice. 

winter the men were called the cook Breakfast 
was ready 6.30, and start was made for the work 
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half hour earlier. The teamsters were called and had 
their breakfast half hour before the other men, that they 
had their teams hitched and ready start soon the men had 
breakfasted. were used the line, one staying with the 
topographers. The third team was kept busy keeping subsist- 
ence, supplies, fuel, etc. has been found more economical, and 
generally satisfactory, employ constantly only two teams 


Staple and Padlock 


Note Books 


Stationery 

Re 
Trav to % stock exce 
Tray stock except Tin Lining 

front, which will be of aed == 


stock bevelled as shown 
— ai — —26- — > 


CROSS SECTION 


: PLAN OF TRAY 


LONGITUDINAL 


country where supplies can easily obtained, and where, 
moving days, additional teams can readily hired. 

When moving camp, breakfast was served hour earlier than 
the men each tent then packed their own things and got 
‘their own tent down. Certain men were then assigned the office 
tent, and others the cook tent, this latter with the cook’s supplies 
the last loaded and first unloaded and put up. start was 
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usually made little after, and, with fairly decent roads, 


about miles, the usual distance between camps, was covered, and 


the camp The remainder the day was spent the 
party checking estimates and various office work, making stakes, 
getting firewood, etc. necessary, some arrangement was generally 
made keep the topographers and leveler working the field 
days when camp was moved, they usually had some work 
order catch up. 


Each locating party was organized follows: 


Assistant Locating Engineer.............. 115 125 


Double teams and driver, furnish their own 
feed, driver boarded camp.......... to. 


Each man was supplied the company with subsistence when 
camp, but was required provide himself with army cot and suffi- 
cient bedding, and advised provide substantial canvas covering 
for the latter, ordinary wagon cover, costing from $5, being 
the most easily obtainable and most satisfactory. The writer has 
always insisted, far possible, that men should equip themselves 
properly before starting out. The army cot takes less space 
than any other cot, both when use and when folded, and, the 
bedding properly protected, much cause for grumbling removed 
account its becoming wet dirty moving camp, through 
the tents’ leaking slightly, the best will times. 


note regard topographers, page 886. 
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Each man’s baggage, besides bedding, was limited about what 
could carried ordinary suit case; with the large party and 
equipment was found that three good double teams had all they 
could move the outfit, and when the roads were bad was 
sometimes found necessary use extra team. 

Each wagon was required provided with heavy canvas cover 


and least one spring seat. The prices for teams varied with the 
locality and season the year. 


8 


~ 
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with tin 
with tight covers 


To 


fitted 
For canned goods 


PLAN A-A, B-B, C-C PLAN D-D 


Hand holes ends Tift out 


Provide handles ends box 
Box 
Cover fit over top box 


LONGITUDINAL SECTION 


LUNCH BOX 


The Locating Engineer was provided with saddle-horse the 
company, and arrangement was made with the head teamster 
feed and care for it. 

Much the success engineer charge locating party 
due his ability handle readily the different characters that 
make the party. Discipline, tempered with judgment, 
course essential, and certain amount formality necessary. 
Seats were assigned the table each man the order his rank, 
and men were required occupy their proper seats. Conversation 


33 3 || » | 
| | | 
= | 
a 


Papers.] METHODS RAILROAD LOCATION. 873 


was way restricted, provided was gentlemanly, except that 
comments, either praise blame, upon the food the table, 


were permitted. any one had complaints they were required 


make them the writer out hearing the cook, and, account, 
were the men permitted the cook tent except meal times. 

Frequent inspection the living tents was made, and was in- 
sisted that each man should make his bed and leave all his things 
order before going breakfast. The men assigned tothe living tents 
were expected divide between them the necessary chores, required 
keep the tent clean and tidy condition. sparsely settled 
country, considerable attention this kind necessary insure the 
cleanliness and health each man; the Jazy habits one should not 
allowed cause unnecessary discomfort others. 

Locating engineers reported directly the Principal Assistant 
Engineer. running account with each was opened with the head 
office the railroad, cash being advanced from time time requi- 
sitions, properly K.’d. Provisions were bought the Locating 
‘Engineer the most convenient points, receipts being taken for all 
amounts paid out, and expense account, proper blanks, with 
the receipts attached, was sent the end each month, the 
amounts which, after being examined and K.’d the Chief 
Engineer’s office, being credited the account the head office. 

was found best, far possible, establish credit with one 
perhaps two grocers, preferably wholesale dealers, near the pro- 
posed route, and deal with them exclusively, buying all provisions 
case lots, unbroken packages, where possible, thus getting whole- 
sale rates. 

was expected that the men would provided with good 
wholesome, plain food the best quality obtainable. general 
rule, fresh meat and vegetables were difficult obtain, and canned 
vegetables, dried fruit, and for meats, ham and bacon, had relied 
great extent. While, course, the final and principal object 
the locating engineer the location line railroad, the fact 
should not lost sight of, that good food and enough it, properly 
cooked, very important factor keeping that esprit corps 
which absolutely essential any degree success this particu- 
lar work. 

stated above, the railroad company expected the men 
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properly provided for, but, the same time, locating engineers were 
expected see that there was undue waste. The experience the 
writer was that the expense for provisions for such party noted 
above should between $250 and $300 per month, and any material 
increase over the latter amount should questioned. many in- 
stances, with his and other parties, was found that change cooks 
often resulted large diminution the expense account, with 
difference the quality quantity food provided. was often 
found that the better cook was apt the more economical. Men 
whom problems the commissariat were new often bought sup- 
plies too small quantities, thus paying much 10% more than 
was necessary. 

The expenses the parties, noted the tables cost 
page 894, show costs varying from $220 $250 per month for provi- 
sions alone; the writer, however, has never made conspicuous 
record for economy the matter buying provisions, opinions 
what proper and what luxurious varying greatly; but, with 
other things, the conditions each case govern that case, and 
happy medium should striven for. Where the whole party made 
well-educated and trained professional men, with the exception 
the axemen, higher standards living will expected. Engineers 
such surveys average, for week after week, 100 110 hours per 
week actual work, contrasted with hours for the 
dinary business man office engineer, and the extra cost providing 
them with whatever comforts can reasonably obtained ought not 
objected to. 

The expense accounts were carefully examined each month 
sent in, and long experience and the many men the field enabled 
the assistants headquarters determine very closely the reason for 
any particular account being above the average, and thus call the at- 
tention the locating engineer the cause definite manner. 


The following list groceries actually bought starting 
camp: 


hams. 100 Ib. flour, soft wheat. 
pieces bacon. 100 sugar. 

fresh beef. baking powder. 
case eggs. tea. 


flour, hard wheat. Lima beams. 
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buckwheat flour. dozen vanilla extract. 
macaroni. box dried prunes. 

cornmeal. Ib. raisins. 

cheese (about dozen assorted canned fruits. 
packages oatmeal. case tomatoes. 

100 cakes soap. bushel potatoes. 

gal. molasses. kit salt mackerel. 

case condensed milk. Ib. salt. 

dozen tomato catsup. mustard. 

gal. pickles. quart vinegar. 

dozen lemon extract. dozen yeast cakes. 


Most the lines which the following methods most closely 
apply ran through rather badly broken up, rolling country, with 
short cross-drainage, about three-quarters being wooded, and, 
Indian Territory, very sparsely inhabited. 

The low grades desired, 0.5 and 0.6%, compensated for curvature, 
and the nature the country involved considerable study rather 
wide range either side the proposed general direction the line. 
Government topographical maps the country had been issued, 
and the only maps available were those published the Public 
Lands Survey, showing fairly accurately, relation the section 
lines, the general location the larger streams and rivers and some 
the main roads. 

proposed line about 300 miles length, general route 
was established from previous reconnaissances with certain towns 
governing points. Five locating parties were placed the field, each 
assigned about miles. The results desired obtained 
the location were: 

First.—To establish the fact that practical line could obtained 
with ruling grades 0.6%, not, what was the lowest practical 
ruling grade that could obtained; 

Second.—To sure that the line obtained was such that other 
line could built through the same country with the same 
better ruling grades, with less expenditure, the same unit prices; 

Third.—To keep close control the work and results all the 
parties from central headquarters; 

Fourth.—To have, the completion the survey, complete 
right-of-way maps, estimates quantities and cost, profiles showing 
detail exact nature the work, tliat contractors could bid 
intelligently, and work started once necessary 
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keep the cost the surveys low possible con- 
obtaining the above results. 

stated, was first desired establish the fact that reasonable 
line could obtained with maximum grades throughout the 
entire route. Each locating engineer, therefore, was instructed 
get soon possible which this condition was 
established, simply noting carefully, but leaving for future investiga- 
tion other and perhaps better lines deviations from the line 
first run. 

advisable, for the Locating Engineer take 
trip over the proposed line before the party gets into the field, but 
this cannot always done, the particular case referred to. 
reconnaissance the Principal Assistant Engineer, however, had 
indicated the location the first camping place and the first work 
done. The party, therefore, was immediately set work under the 
direction the Assistant Locating Engineer, while the Locating Engi- 
neer made more careful reconnaissance over that part the line 
assigned him, making the round trip approximately 120 miles 
days. 

The trip was made open spring wagon; observations with 
hand-level and compass were taken, and full sketch was made the 
road, showing all branches from it, stream crossings, houses, which 
there were few, sketched topography and all the local names that 
could learned. Distances were estimated very closely observing 
the time passing all points which could identified, such 
section corners, houses, fences, streams, etc. Fig. shows page 
the notebook used, and Fig. portion the completed map. 

this trip, the end the line, which was town mod- 
erate size, arrangements were made with local grocer and provision 
dealer, that, when became more convenient send that end 
for supplies than the town nearest the starting point, all that would 
necessary would send the teamster with the necessary order. 

working out the details the location, nearly the whole time 
the Locating Engineer was spent looking the general broad features 
the country, the actual work looking after the field party and 
running the preliminary line devolving practically entirely the 
Assistant Locating Engineer. 


this connection the writer would call attention article 
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Railroad Reconnaissance” The and Engineering Review,* 
Willard Beahan, Am. Soc. E., which describes quite fully 
and well the work required the engineer charge both 
the preliminary reconnaissance and the conduct the work 

the field. 


TYPICAL PAGE RECONNAISSANCE Book. 


Wolf Creek 


Gr, about 40 ft.ahore over Flow 


laying out the work for the Assistant Locating Engineer, con- 
siderable use was made rough sketches showing the general 
topography the country, and, each evening, with the aid these 
and the map and profiles the lines already run, the following day’s 


March 12th, 1904. 
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work was arranged. During the day, the Locating Engineer found 
more less frequent intervals, saw that the line was 
being run desired, and made such modifications revisions 
instructions might necessary. 

deemed the writer most important that the Locating Engi- 
neer should absolutely free all times, either stay camp and 
keep the office work date, make reconnaissances for any 
distance ahead, with the party critical points, fact, 
wholly executive position and not tied down any details. 
conscientious study the country will keep good man very fully 
and, working overtime occasionally and planning the work carefully, 
will able get couple hours sometimes Sundays write 
home his friends. 

the field, the Assistant Locating Engineer had general charge 
the party, and, preliminary work, was responsible for the proper 
working out the details the line from the general location deter- 
mined the Locating Engineer. special point was made 
actually running preliminary line, getting the topography and 
making projected location and profile wherever there was reason- 
able possibility good line existing. Especially this important 
wooded country, where the difficulties comparatively small 
details are apt magnified, and good location missed because 
the actual physical difficulties getting over the ground, sizing 
the writer that little time should wasted the field getting the 
preliminary close where the final location may come that will 
show good profile. The point prime importance get the 
preliminary close enough that the projected location will fall well 
within the limits thetopography. the difference between 
good and bad judgment will show here, everywhere, but the point 
is, not have the party sitting around waiting, and going back 
refine the small details the preliminary; all this can done 
much better advantage the map, where broad general view the 
whole line can taken. 

making the final location, the Assistant Locating Engineer ob- 
tained from the map the necessary data connect the located line 
with the preliminary, and lay out the ground projected, 
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which data kept notebook used for that purpose only. had 
with him the field copy that portion the projected profile 
covering the work hand. The points the located line were fixed 
horizontal distances from the hubs the preliminary, and also, 
and especially where the slopes were all steep, vertical distances, 
and points elevation fixed the leveler. 

should noted especially that, anything like rough country, 
the essential point, running location from line projected 
reproduce the projected profile rather than the projected 
line. After deciding that the projected profile the one 
obtained, the location must passed through all the controlling 
points whose vertical distance (or, rather, elevation) such called 
for the projected profile and determined leveling from some 
known elevation hand-level will generally give close-enough results). 

The actual protile obtained the leveler was platted the field 
critical points and compared with the projected profile see that the 
proper results were being obtained. Absolutely correct topography 
not required and not essential, the vertical method adhered 
laying down the location. Many engineers have objected 
topographical work railroad location account the expense 
necessary for accurate topography, but this latter, and the expense 
incident entirely unnecessary the locating engineer charge 
the party knows how place his projection the ground, 
equalize any slight errors made. 

The difference between theory and experience, here, that theory 
would require absolutely accurate preliminary and topography, 
while experience shows that neither essential, proper 
adopted getting the line the ground. The writer believes that 
many locating engineers lose sight the fact that the location should 
bear certain relation position the local topography, rather than 
relation certain geographical position the map. 

was considered advisable avoid equalization stations, the 
result revisions the line, much possible, and every care was 
taken get the line right the first place. the preliminary lines 
form the basis which, not only the projection the location depends, 
but also the topographical map, which forms the basis the 
completed record the survey, essential that, without wasting 
time and money unnecessary refinements accuracy, all pre- 
cautions should taken prevent unnecessary errors. 
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All angles were checked doubling and compass readings, the 
rear flagman kept list all hubs check the transitman, and the 
rodman worked out separate book all elevations turning points, 
thus checking the leveler, this latter being most important. 

settled cultivated country, both preliminary and location 
lines, hubs were set all fences, both stakes and hubs the fields 
are frequently, and, fact, usually, pulled destroyed soon after 
the line run, while the hubs fences remain, enabling the ready 
re-establishment the line. All tangents were run intersection, 
the and all curves being set before the curves were run 
in. 

Surveys were made of, and levels run on, crossed, for 
one mile either side the line. 

exact copy the transit notes was made every night office 
notebook. Figs. and show typical pages transit notes pre- 
liminary and final location. 

The head chainman responsible greater degree perhaps than 
any other one man the party for the progress the work, that 
say, the actual physical progress, after the direction the line has 
been determined. must hustler from start finish and for 
hours per day, and, the same time, accurate; use 
being careful about the instrumental work and the platting, the 
chaining not well done, and nothing more annoying than plat 
side lines forming traverses and find that they will not close, run 
curves location and not have them check. Chainmen, 
are not college graduates, but are often picked the country 
where the survey carried on, and probably have had some 
and there point where the engineer charge surveys can use 
his time better advantage the beginning the work than 
getting the chainman good work, not necessarily measuring 
thousandths, but accurately enough for the work done. 

There were three axemen (except one two cases very heavy 
timber for several miles, where two extra men were put for short 
time); wooded country, all chopped, but that more less open, 
one man helped the stake-marker driving the stakes. 

The writer has found advisable pick out one axeman and place 
him charge the others, spending time enough with him the 
beginning the survey break him thoroughly the idea 
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keeping line and cutting only what necessary get the line 
through; the right kind man will soon learn what required, 
and save great deal time. 

Leveling.—Bench-marks were established every mile preliminary 
lines and every half-mile final location, care being taken have 
these latter convenient for construction purposes, especially near 
bridge openings, and away from all danger being interfered 
with the excavation. The elevation each bench-mark was 


plainly marked near the same. 


TYPICAL PAGE. LEVEL NOTES. 
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10. 
Level notes were kept the form shown Fig. 10. 
the final location all bridge openings ravine sections were 
taken, being measured with cloth tape, and very 


using the metric system, stakes are every m., and numbered 
from the beginning, ete. Curves are run in, the same when using 
100-ft. stations, except that the are for instead 100 ft.; 
equals very closely 100 ft., the radius curve metric equals approximately 
using chords. Tables radii metric curves are given Henck and else- 
where. 

Levels are taken usual, ordinary readings centimeters and target readings 
millimeters. Profiles are platted metric profile paper, the smallest divisions being 
millimeters, giving profile, the scale ordinarily used, about the same that platted 
Plate paper. 

Maps are usually platted scale 1:5 000, about equal 400 ft. in. 
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profile was obtained which was afterward platted scale 
ft. in. (see Fig. 11). 

Topography.—This was taken for 300 ft. each side the line, 
squares, subdivided into 10-ft. squares. 

the field hand-level and light wooden rod, in. in. 
ft., marked every ft., were used, and distances out were paced, 
measured with cloth tape, according the nature the ground, 
and 5-ft. contours were located and sketched in, care being taken 
angle points get sufficient information connect the contours. 
properly the map. 

previously noted, absolutely correct topography was not re- 
quired, and distances were not taped except cases very steep 
slopes; the accuracy with which distances 500 ft. can paced, 
any one accustomed doing it, and levels carried the same dis- 
tance hand-leveling, was well brought out account the 
survey the Biltmore Estate, Howard, Am. E.,* 
and the experience confirms that Mr. Howard. 

Each day the books used the previous day were left camp, 
and the work platted the draftsman, and other books were taken 
out. Each book was indexed each night, and each day’s work dated 
beginning and end. 

the final location, sounding party was organized, with To- 
pographer No. charge, and two three laborers; soundings were 
taken all the cuts and bridge openings, ship augers and steel 
drills being used most generally. The former were welded 
steel rod with adjustable handle. These soundings, taken with 
augers, determined very closely the character the material the 
cuts. country where boulders might likely encountered 
any great extent, either clay gravel formation, this method 
would not answer; but through the country traversed, proved 
construction, the estimates made from the results these borings 
and close study the country were quite near the final estimate. 

one ortwo instances, important structures and very deep cuts, 
regular well-drilling outfit was secured, and the work looked after 


man engaged for the purpose under the direction the Locating 
Engineer. 
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The second topographer, supplied with transit and assisted 
the two tapemen, determined the areas, located the property 
lines and section corners, got names property owners, etc. This 
method was found much more economical than have the whole 
transit party held while the transitman and chainmen were getting 
this information. 

With the information thus obtained the two topographers, the 
profiles and map the final location, which were finished within 
few days the completion the survey, contained all the informa- 
tion necessary proceed with the construction. 

should noted here that there were exceptional circumstances 
connection with this survey which made desirable employ two 
topographers. Ordinarily, sufficient, and good man willeasily 
take the topography. Generally, about moving day, the topog- 
rapher day two behind, which case the whole party 
broken into topographical parties, and the work cleaned the 
end the line part aday. Also, when only one topographer 
available, when the final location run in, the Assistant Locating 
Engineer occupied about two-thirds the time getting land lines, 
drainage areas, and assisting with the office work, while the 
Locating Engineer looks after the actual running the line. This 
ordinarily the most economical arrangement, but, the survey 
referred to, was necessary rush the work, regardless 
extra expense using men disadvantage. 

carrying out the third requirement keeping headquarters 
touch with the work, weekly report was made the Locating 
Engineer, and the following maps, etc., were kept shape and 
date: 

preliminary lines: General map, scale 000 ft. the 
bottom which was condensed profile the projected location, 
scales 000 and 100; detail map, scale, 400 ft. in.; profiles pre- 
liminary lines and profile projected location, Plate paper, scales 
400 and 20; profile projected location tracing profile paper. 

final location: Line inked 400-ft. map, and drainage area 
shown; right-of-way map, scale ft. in. (required only 
Indian Territory); maps station grounds, scale 100 ft. in.; final 


profile Plate paper; final profile tracing profile paper, 10- 
mile sections. 


Ravine Sections all Bridge Sites.—The first duty the field 
draftsman was the preparation the general map the 
1-in. from the best available sources, covering the whole the 
country which the proposed line might lie. most the country 
the West, where topographical maps have not yet been prepared, 
the Government maps the Public Lands Surveys, showing the 
section, township and county lines, town sites, and the location the 
main drainage, will form the basis this map. 

This 000-ft. map and profile are absolutely essential broad 
comprehensive study the line whole; can readily seen 
from this whether not good general direction being maintained, 
and the general relation the line the surrounding country 
shown. Such map, with the omission the preliminary lines, 
considerable aid contractors computing the haul construction 
material and for other uses; also generally sufficient accom- 
pany such reports are made the higher officials, fact, gives 
them more comprehensive idea the line than more detailed map. 
Plate shows portion 000-ft. map, but shows the located 
line only; the writer regrets that has not available map de- 
seribed, showing also the preliminary lines and condensed profile. 

tracing was made this map and, soon completed, sent 
headquarters; from day day, the preliminary lines run were platted 
it, and, also, the projected location and profile, they were made. 

the end each week tracing the portion the map show- 
ing the additions made during the previous week was sent 
headquarters, where the information was transferred the original 
tracing. 

The weekly report which accompanied this map explained quite 
full detail such points connection with and the work seemed 
require explanation. explained, particular, the natural feat- 
ures the country, the availability otherwise timber (especially 
for ties), stone, sand, the condition roads, water supply, 
and, general, the work the party during the preceding 
week, 

All the preliminary lines run during the day were platted the 
map the evening, from the courses and 
distances; platting from angles was allowed. The work 
the draftsman was checked the Assistant Locating Engineer. 
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The first thing the following day, the line was inked in, red, 
station numbers were marked all angle points, the topography taken 
the previous day was platted and inked immediately black. 
Black was found preferable for the contours, stood the erasing 
the projected lines better than colors. Valleys were indicated 
light blue line drawn through the lowest points, thus making the 
topography stand out and easier read. was found necessary 
times have one topographer stay half day and assist the drafts- 
man platting the topography, order keep all the parts the 
work co-ordinated. 

With the large party used, more than miles per day preliminary 
were averaged, and was absolutely necessary keep the topography 
close up, order that the projected location should not get behind. 
the map was being used the evening and the early 
part the day, the Locating Engineer endeavored get back 
camp about and get the projected location date before 
supper. Separate sheets, advocated Mr. Wellington his 
Theory,” may have some advantage this respect, but 
the writer prefers the map roll 36-in. paper. There are few 
places difficult country where not necessary run more than 
one line, and has always seemed the writer detract from 
general, broad, comprehensive study the lines, whole, have 
them scattered around separate small sheets paper. 

Necessarily, also, the separate sheet method, the lines and topog- 
raphy must start right from the edge one side the sheet, where 
very likely torn; the 36-in. rolls used this survey, 
topography was allowed within 6in. the edge the paper, ex- 
cept possibly point where just came near the edge and 
immediately receded from it. 

was absolutely required that the projected location should fall 
within the limits the topography, that is, within 300 ft. the pre- 
liminary line, and if, for any considerable distance, was more than 
200 ft. from preliminary line, was often deemed advisable 
cover this with another line. 

making the projected location, sheet tracing cloth, which 
was drawn ink the scale the map the curves proposed 
used, with tangents the ends, was found very useful fitting the 
alignment; 100-ft. stations were marked these curves the tracing 
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cloth, that, when laid above the topography sheet, pieces profile 
within 400 ft. the end bridge; all curves were even degree 
curvature, being either 4°, and all grades were eventenths 
per cent. 

The writer objected the limitations the degrees curve 
first, believing that nicer adjustment could made using any 
degree, with indices odd minutes when necessary, that seemed 
first fit the ground better, but being compelled use the 
degrees, found afterward that this could done almost invariably 
just well, but required perhaps more study the situation. 
course, rules this kind can absolutely iron-clad, and the 
Principal Assistant Engineer times modified them himself, but 
was considered advisable make them binding far the locating 
engineers were concerned. 

The projected location being made and penciled the 400-ft. 
map, the profile was taken off and the grade line fixed, grades being 
kept even tenths 1%, except where compensated for curvature, 
and even possible. course, long stretches ruling 
grade where often every inch counts, hundredths rates occurred 
where compensation was made. Breaks for compensation were made 
the even stations nearest the ends the curves. 

All bridges and culverts were located this profile, the probable 
quantity classified excavation each cut was indicated, and esti- 
mate made each mile. The classification the material the cuts, 
shown this projected profile, was made the Locating Engineer 
from his observations the surface indications; course, this was 
only approximate, quite close. 

Specifications and standard plans all structures, with tables 
constant quantities, were furnished the railroad, and the excavation 
and embankment quantities were figured from tables level cuttings 
for the standard roadbed sections used. for scaling 
the quantities from the profile was made taking piece the same 
profile paper used for the profile and marking, along the edge each 


foot, the quantities corresponding the height, starting (see Fig. 
12). 


each miles this profile the projected location was com- 


pleted, tracing tracing profile paper was made, showing the 
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estimated quantities each mile and, 
also, regular estimate blank, 


mary quantities, and summary 


showing: 
Total length, 
degrees curve, 
tangent, 
curve, 


Maximum curve, 


grade, 
Total rise (in the direction 
line), 
fall (in the direction 
the line), 
length bridging, 


Average cost per mile, 


number 


yards per mile. 

These tracings miles each, with 
the estimates and summary, were for- 
warded headquarters fast com- 
pleted, and, the completion the 
line, estimate and statement similar 
the above, covering the whole line, 
was sent in. The original profile was 

From time time the Principal 
Assistant Engineer visited each locat- 
ing party the field, and thus kept 
touch with the work and results each. the same time, the 
map and profile, kept the record headquarters com- 
plete. All projections adopted for location were examined and 
approved the Principal Assistant Engineer, and, after approval, 
deviation was permitted without authorization. this means 
detailed study the line was possible; much more than when 
viewed only the ground those superior the Locating Engineer. 
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the particular line question, was decided, the time the 
different preliminary lines were nearly connected, that grade 
was possible for the whole length the line, and instructions were 
given make this the ruling grade the final location. 

Instructions were given the locating engineers spend all the time 
necessary investigations, sure they had the best line through 
the country traversed before putting the location, the ground. 
The writer recalls one stretch line, about miles length, where 
spent nearly three weeks, running over miles preliminaries, 
besides the original preliminary and projected location, before the 
final line was decided on. second projected location saved mile 
distance over the first, besides eliminating much curvature and rise 
and fall, and, but for the very positive instructions received exhaust 
every possibility, and the receipt, about this time, letter from the 
Principal Assistant Engineer, who knew the difficult nature the 
country, reiterating his caution, this line would have been run in. 
Other lines were run, the final location effecting saving more than 
$30 000 estimated cost construction, and eliminating many degrees 
curvature and more rise and fall. 

seems hardly possible, view this, which only one case 
out thousands, that anyone contemplating the construction 
railroad should hesitate spend sufficient money surveys, but all 
engineers any extended experience know how difficult often 
get either sufficient time money this work thoroughly; and, 
result, how very much more the cost the needless construction 
likely than that the surveys. Still, the writer believes 
often the fault engineers charge work that this so. Men 
now-a-days investing their money any project merit are rule 
level-headed business mén who would willing furnish all the 
money necessary for proper surveys, the matter were presented 
them the proper light. 

the final located line was run in, was inked the 400-ft. 
map, radii curves were drawn, stations and marked, 
and calculated courses tangents from observations Polaris, length 
tangents, the degree curve, central angle, and the length 
semi-tangents noted curve; areas, definitely deter- 
mined the topographer, were dotted in, and areas noted; were 


also property lines and owners’ names, thus making the map com- 
plete record (see Plate XLIX). 
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in. was made showing the alignment, station and 
curves, central angle, degree and length; also length and calculated 
course tangents, all property lines and plusses same, and prop- 
erty owners’ names, where land had been allotted; ties section 
quarter-section corners nearest the line, and notes pencil where 
extra width for large cuts fills might necessary, the final width 
desired being added headquarters. This map was required Indian 
Territory only, meet the Government requirements, the right 
way being obtained filing such map with the Secretary the 

the final profile and the ravine sections were platted, they were 
taken into the field the Locating Engineer, and all bridge openings 
and culverts carefully fixed there. The profile platted was inked 
in, but the grade line was pencil. soon the openings 
were fixed, and the soundings noted the bridge sites and cuts, the 
estimate quantities and the cost each mile were made the 
draftsman and checked other members the party; this was then 
all carefully inked in, and tracing made. Profiles final locations 
were made 25-mile sections. portion such profile shown 
Plate This profile and the map contain all the informa- 
tion necessary enable contractor bid intelligently the work, 
and all this work was kept together, was immediately available 
the completion the surveys. 

The tracing the profile the final location was sent head- 
quarters soon 25-mile section was completed, together with the 
right-of-way map and ravine sections covering the same ground. 

receiving notice from headquarters that the grade line, 
shown the tracing profile, had been approved, the grade line 
the original was inked in, any changes that were ordered being made, 
and then this was ready for the Division Engineer having charge the 
construction that section. Reference the 
Resident the Choctaw, Oklahoma and Gulf Railroad, 
Messrs. Molitor and Beard, will show how the work construction 
was co-ordinated with that the location. 

All maps and profiles were carefully lettered ink the outside 
each end, the lettering running parallel with the axes the rolls, 
showing just what they were. the 400-ft. map, the title might 
something follows: 
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New York Boston Line, 
Providence New London Section, 
John Smith, Locating Engineer. 
Final Location Sta. 852 Mile Mile 
Preliminary Sta. 934 1823 


The maps accompanying this paper are reproductions maps 
actually made the field, and show more clearly than any. written 
description the kind work accomplished. 

The following statement showing detail the cost surveys 
conducted practically accordance with the practice outlined this 
paper. The length the final located line this instance was 179 
miles, and the work was divided between four parties. The country 
was similar that described the writer, that is, long rolling 
country, rather badly broken up, the line running across the drainage, 
necessitating the exploration wide range country either 
side the proposed route. The average amount grading per mile 
was about 100 000 cu. yd., maximum grade, maximum curve, 2°; 
there was 19% the line curve. The writer especially indebted 
Mr. Beard for this information and notes the same, well 
for much valuable assistance the preparation this paper. 


Field preliminary expense for 563 miles.......... $14 


Locating Party No. Expense preliminary, in- 

cident above location and including prelim- 

inary and lucation miles................. 
Office expense charged 446.08 


Total cost preliminary and location 188 
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PRELIMINARY LINEs. 
og now ao a 
days. days 111 days. days 
Miles run and topography taken......... 145.8 166.3 164.1 23.2 
Miles run, topography taken.......... 16.0 3.6 
Total miles preliminary run.............. 185.1 166.3 180.1 31.8 
Total number payroll days............... 323 2033 
Average daily number men........... 15.9 14.7 18.3 21.2 
Average miles per day per party........ 2.12 1.85 1.62 1.06 
Average daily cost, subsistence per man $0.37 $0.49 $0.38 $0.58 
Relative cost percentage lowest man 
Average daily pay per man.............. $1.81 $2.03 $1.66 
Relative percentage lowest man per 
. R a 
< 


Miles located 


Total number payroll days............ 400 709 
Average daily number men..... 21.5 19.0 
Average per day per party...... 1.02 
Total cost $515.55 
Average daily cost $0.39 


Average daily pay per man............ $1.72 $1.61 
Daily cost party............ 
Daily cost per man...... $2.36 
Relative percentage lowest man per 


7.6 42.6 39.2 
19.0 19.4 
0.95 0.89 0.59 
$0.39 $0.40 $0.45 
$242.70 $2049.25 
$6.76 
2.57 $2.50 
184 


Total payroll (except teams) 
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There are various things taken into consideration judging 
the fluctuations the cost these surveys. The preliminary loca- 
tion Party No. was over severe country and embraced the 
heaviest work the whole line; the same time, much difficulty 
was experienced getting grade between certain points the line 
located Party No. Party No. had the lightest country. 

There charged the expense Party No. the cost moving 
long distance from other work this line, which amount, together 
with the short time they were engaged preliminary, abnormally 
increased the cost their work; the same time, evident that 
this was decidedly the most expensive party the work, their work 
per unit cost, costing more. 

For instance, their subsistence was 57% more than that Party 
No. and the team hire more than double that the other parties; 
while the actual number men the field was relatively the same. 
probable that the cost the work done this party was really 
about more than the others instead 200% shown the cost 
per mile. 

location, Party No. carried very heavy and expensive sound- 
ing party, consisting man charge, four five laborers and 
team; the nature this work was such that was much more expen- 
sive than that conducted any the other parties. 

After completing the location, Party No. was engaged running 
other preliminaries and locating short branch, the cost this work 
not being distributed, but included inthe total cost the survey, the 
amount being 478.02. 

location, Parties Nos. and were combined after each had run 
short distance separately; this was necessitated the approach- 
ing cold weather and the desire complete the location the earliest 
possible moment; the result shows have been uneconomical 
proposition cost per mile concerned; but both these 
parties had much additional preliminary work perform they pro- 
ceeded with the location. 

What has been noted Party No. preliminary true 
location, though its cost somewhat burdened the charges inci- 
dent moving the party elsewhere, and the fact its happening 
about Christmas, when many men were given vacations with pay.. 
This Christmas expense was encountered somewhat less extent 
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every one the parties, and tended increase the total cost, but 
taken Parties Nos. and the statement fair average 
what thorough survey under like conditions will cost. 

Besides the organization noted page 871, which was practi- 
cally the same that engaged these surveys, with the exception 
that there was only one topographer, there was the expense expert, 
$150 per month and his expenses, engaged examination the 
country adjacent the line, for the purpose determining the 
quantity sand and stone available for construction purposes. The 
amount this expense $545.84. 

all this work was considered absolutely necessary that all 
parts should kept together, and, with the large party avail- 
able, was found feasible assign the men that any part the 
work which lagged behind could brought date; the weak 
point is, course, with the leveler preliminary, gets behind 
there little but wait until catches up. necessary, 
therefore, that especially good man should selected for this 
position. Physical ability hustle absolutely necessary, and the 
rodman must expect trot between stations and the instrumentman 
between set-ups, they cannot keep walking. 

The leveler party should be, not only accurate, but quick. Asan 
instance what can accomplished: one the lines referred to, 
starting from the west, more than 100 miles preliminary were run 
the eastern end the line working days (not including Sundays 
and moving camp). Onone day, the leveler miles. return- 
ing and making the final location, when every care was taken have 
the levels accurate possible, equalization sights being insisted 
on, and there being ample time for the leveler the work prop- 
erly, variation from any bench-mark was found greater than ft., 
the final check the bench the western end being about ft. 

making the preliminary location, rather, the writer would 
prefer say, running the preliminary lines, considers that the 
result obtained should regarded the nature making 
topographical map strip country through which the final 
location will pass, and through which runs sufficiently accurate base 
line lines, than running line which will very close the 
final location. There only one place, his opinion, adjust the 
final location, and that good topographical map. 


Papers.] METHODS RAILROAD LOCATION. 897 


This, course, will not misunderstood relieving the Locating 
Engineer the necessity running these preliminary lines with 
judgment and good idea their relation the located line. All 
the good judgment and for country,” relied much some 
the older locating engineers, are still necessary ever, but they 
must supplemented scientific methods and hard work. 

The statement regard the final adjustment will possibly evoke 
some discussion from the many men who have saved thousands dol- 
lars slightly changing curve the field otherwise after the 
final location made, and the writer will admit, course, that there 
hardly line located to-day, likely be, where every foot 
exactly where ought be, but,in anything but the most minor 
changes, believes that the fault will invariably found the fact 
that the original topographical map was not correct, the projection 
not well made. 

Provided the topography generally correct, which should 
any use all, possible project line it, which will 
the best line the country affords, and, the work properly done, 
this line can laid out the ground. adjusting the line the 
topography, the line can changed and profile obtained fifteen times 
the map while being changed once the ground, and all the 
problems affected the change studied. 

The writer well aware, course, that the practice outlined 
this paper will necessarily subject many modifications meet 
different conditions. 

conducting surveys tropical countries other places where 
difficult obtain experienced engineers, and then only largely 
increased salaries (in tropical countries about two three times 
much noted this paper), other methods become necessary, but 
the writer believes that the same ends should striven for. 
cases, there great temptation the engineer charge such 
work shrink from the responsibility insisting that given 
carte blanche his employers the matter engaging such assist- 
ance may need and the payment them adequate salaries. 

There much mountain country where transportation extremely 
difficult, where everything possible must done lighten the equip- 
ment, and where great deal reconnaissance can done more 
less detail with light party, either separate party ahead 
larger one, before larger party organized and put the field. 
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Such party can much good work with transit used asa level, 
using the stadia, eliminating certain entirely impractical 
lines. any event, under such conditions, both parties should 
controlled the same man, what might have been regarded im- 
practical under one set conditions may become entirely under 
others; all this, however, matter which will suggest itself the 
experienced locator. 

There are probably many old locating engineers, many who 
done excellent work with much less equipment and fewer men, who 
will hold their hands horror against such organization and 
equipment outlined here, but railroads themselves, they exist 
to-day, are all the evidence necessary prove that other methods than 
those the past are necessary meet changed conditions. Scientific 
methods must applied the conduct location, well the 
design bridges, terminals, locomotives, fact, proper 
location otherwise the future the railroad almost entirely 
dependent. 

submitting this paper the consideration the Society, the 
writer does not wish understood advocating any hard and fast 
rules for railroad location. two alike, topography never 
the same, and nothing will take the place experience, good judg- 
ment, and much hard work. knows there are many good locating 
engineers who entertain different ideas, and hopes they will submit 
them for consideration. does firmly believe, however, that will 
most certainly pay the long run obtain every case, whatever 
the method may be, least much information was obtained, 


the work described, shown the maps and profiles 
this paper. 
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MAXIMUM RATES RAINFALL BOSTON. 


PRESENTED 4TH, 1905. 


This paper effect continuation paper entitled 
mum Rates Rainfall,” Desmond FitzGerald, Past-President, 
Am. E.,* which presented copies the autographic 
records the most important rain storms high intensity recorded 
the rain-gauge Chestnut Hill Reservoir during the ten years, 
1879-1888. The objects the present paper are: 

1.—To put record tabular form the important data relating 
all storms which the intensity downpour was considerable, 
recorded the Chestnut Hill gauge from 1879 1904, inclusive; 

2.—To present copies the autographic records rains especial 
interest since 1888; 

3.—To discuss briefly these records comparison with those 
obtained elsewhere, with especial reference the relation between the 
intensity and the duration the downpour. 


1879-1904. 
Table contains the important data, except that very few storms 
having duration more than hours are considered. 


Transactions, Am. Soc. E., Vol. 

papers are issued before the date set for presentation and discussion. 
Correspondence invited from those who cannot present the meeting, and may 
sent mail the Secretary. Discussion, either oral written, will published 


subsequent number Proceedings, and, when finally closed, the papers, with discussion 
full, will published Transactions. 


900 MAXIMUM RATES RAINFALL. [Papers- 


Boston, Mass., 1879-1901. 


Total Rainfall, Amount Down- 
inches: pour, inches: 
| | | Inten- 
ground gauge. our. 
level. 
| | | 
1879. June 29....... 1.41 1.07 0.759 0.86 1.51 
Aug. 16-19.... 4.56 0.725 4.68 
1881. Jan. 10....... 2.20 2.20 1.000 2.20 800 0.17 
12.10 2.10 390 
1882. July 19....... 0.32 1,000 0.32 1.48 
1885. June 28-29... 1.15 1.06 0.65 
June 29....... 1.05 0.93 0.92 
1.05 1.17 215 0.33 
July 29....... 0.81 0.76 0.81 125 0.39 
1885. Oct. 2-3...... 1.18 0.945 0.30 0.82 
July 15....... 1.74 1.59 (1.59 1.74 450 
0.30 0.33 2.46 
July 1.10 0.99 0.900 0.41 0.46 1.82 
0.30 0.909 0.30 2.48 
1.00 0.96 0.960 0.87 1.09 
1.22 0.924 1.32 420 0.19 
1.30 150 0.52 
1.53 0.844 1.18 1.18 
0.96 1.09 1.45 
Aug. 3.44 3.02 200 0.97 
2.58 120 1.29 
3.26 180 1.09 
Sept. 10...... 1.35 1.30 0.963 1.29 190 0.41 
Sept. 17-18.... 1.94 1.78 1.37 120 0.64 
10.80 0.87 0.87 


Time interval estimated diagram not more than possible that 


float had been stuck and was released this point, but diagram shows nothing cast 
discredit the record. 
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TABLE 
(2) (3) (6) (7) (8) 
Total Rainfall, Amount Down- 
| | | | 
1889. May 1.006 (1.30 1.29 105 0.74 
0.51 0.48 0.941 0.25 0.27 3.98 
1.60 1.51 0.944 0.31 1.64 
1890. 0.96 0.91 0.948 225 0.26 
July 0.63 1.000 0.60 0.40 
0.39 3.34 
1896. Sept. 5-6... 1.67 0.20 0.21 
0.72 0.80 1.71 
0.62 0.69 2.06 
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TABLE 1—(Continued). 
(2) (3) (4) (5) (6) (7) (8) 
Total Rainfall, Amount Down- 
inches: pour, inches: 
level. 
Sept. 0.98 1.00 1.021 0.56 2.19 
Oct. 1.49 0.839 0.15 3.57 
8........ 0.59 0.11 0.13 3.90 
July 0.89 0.82 0.921 0.11 1.95 
Aug. 2.33 2.27 0.974 (2.27 1.65 
0.17 0.70 
0.41 0.42 1.68 
2.05 
Sept. 20...... 3.34 3.18 0.952 3.34 460 0.44 
2.31 130 1.07 
1900, 0.57 0.55 0.13 0.13 1.01 
Aug. 0.39 0.40 1.026 0.25 0.24 0.98 
Sept. 2.02 1.80 0.891 1.46 180 0.49 
120 
0.49 0.47 0.959 0.30 0.31 
July 2.19 1.90 2.10 330 0.38 
1.45 1.43 0.986 0.35 0.35 
Aug. 2.10 2.20 1.047 1.95 
The character the records and the usual characteristics the 
rain storms high intensity are shown well the plates accom- 
panying Mr. FitzGerald’s paper that useful object would served 
the presentation other records, except the case storms 
more than ordinary interest. Fig. contains the records three 
such storms. 
The record for July 21st and 22d, 1894, showed downpour amount- 
ing 1.08 in. min., when corrected for elevation the gauge, 
arate per hr.; and this rate was maintained with almost 
absolute uniformity for the whole min. 
The rain August 22d, 1899, one the most interesting ever 
recorded this gauge, that shows precipitation excess 
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in. single hour (to precise, 2.05 in. min.). also shows 
the unusual intensities 1.65 in. per hr. for min. and per 
hr. for min. far the writer aware, but one other storm 
having greater intensity than per hr. for min. has ever been 
registered recording rain-gauge the eastern part the United 
States, that August 3d, 1898, 

The rain September 20th, 1899, interest principally 
account the long time during which comparatively high intensity 
was maintained, 1.07 in. per hr. for hr. min. 


COPY RECORDS MADE RECORDING RAIN GAUGE, 
OF CHESTNUT HILL RESERVOIR, BOSTON, MASS. 


September 20th, 1899 
3:50 a.m. to 11:30 a.m.) 


This gauge 3.18 inches 
: Standard gauge 3.34 inches 


| 


to 
| 


August 224,/1899 
5 to 7:15 p.m, 
3 This gauge 2.27 inches 

Standard gauge 2.33 inches 
| Ratio 0.974 Downpour 

| July 21st,/1894 
| | | 1 p.m. to 1:22 p.m. 
1.07 inches 

by this gauge. 


Inches Rain 


Total rain 1.44 inches 
by standard, 
1.43 by this gauge: 
ratio 0,993 


fam. 7 p.m. 6 


Time 


AND COMPARISON RECORDS. 


The relation between the intensity precipitation and the dura- 
tion downpour for each the storms included Table 
shown the diagrams, Plate LI. The upper full curve in- 
tended represent the maximum intensity rainfall for any period, 


far may determined from these records. Its equation 


per hour; and its duration, minutes. will noted that none 


This most interesting storm, reported Mr. Henry, the Weather 
Bureau, Journal the Western Society Engineers for April, 1899, intensi- 
ties follows 

7.20 per hr. for min. 
3.78 “ “ “ 70 


“ 


| 
| 
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the observed points falls beyond this curve. The lower broken 
curve intended represent the greatest intensity precipitation 
for any period which would ordinarily necessary consider 
engineering design, storms greater intensity being rare occur- 
25.12 

Dorr, Am. E., studying the records this rain 
gauge, when the series included only years, concluded that the 
expression all rainfalls which would neces- 
sary consider designing combined sewers for the City Bos- 
ton.* For periods greater than min., this curve differs but 


slightly from the lower curve proposed Plate LI, may seen 
reference Plate 


Comparison with other Records.—A. Talbot, Am. Soc. E., 
has noted that the maximum rates rainfall seem very uniform 
different parts the United States (east the Rocky Mountains), 
and has deduced maximum and ordinary curve applicable 
the whole interest, therefore, compare with 
these records and curves those obtained from other observations. 
Such comparison shown Plate LII, which are plotted the 
following lines: 

curve for Boston, proposed this paper; 
38.64 


{0 °687 


curve for Boston, proposed this paper; 


25.12 
1892; 


Line maximum rainfalls Chicago, determined 
Edwin Duryea, Jr., Am. Soc. 

Line maximum intensity rainfall Washington for the 


“Report Street Department, 1892, 117. 


neering News, July 21st, 1892, 67. 


Excessive Precipitations Rain Chicago, from 1889 1897, In- 
clusive.” Journal the Western Society Engineers, February, 1899. 


Excessive Precipitation the United Monthly Weather Review, Jan- 
uary, 1897. (Abstract Engineering News, June 24th, 1897, 386.) 


PLATE 

PAPERS, AM. SOC, 
DECEMBER, 1904. 
SHERMAN 
MAXIMUM RATES RAINFALL. 


COMPARISON CURVES. 
SHOWING RELATION BETWEEN INTENSITY 
AND DURATION RAINFALL. 


KEY PLOTTED POINTS: 


© Extreme records at Chestnut: Hill Reservoir. 


Sterm of Aug. 3d, 1898, at Philadelphia, 


= + Excessive Rainfalls in the U,8, reported by Major Hoxie. 


Heavy Rains near St.Louis 
Maximum Precipitation Ithaca, N.Y. (Fuertes.) 
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curve for eastern United States, proposed 


360 
curve proposed Professor Talbot; 


addition these curves, points have been plotted Plate 
show excessive rates rainfall noted other stations United 
States, well the extreme rates recorded Chestnut Hill Reser- 
voir. These points are: 


Extreme records Chestnut Hill Reservoir. (Marked 
circles.) 

Storm August 3d, 1898, (Marked 
crosses. 

All the excessive rainfalls reported Major Hoxie, 
Am. E., which the United This 
includes the great rain and 4th, 1869, reported 
the late James Francis, Past-President, Am. 
also two storms reported Trautwine’s Engi- 
neer’s Pocket follows: 


tremendous rain Norristown, 1865, the writer saw 
evidence that least inches fell hours.” (Points 
marked plusses. 


Heavy rains near St. Louis, reported Francis Nipher 
letter the American Engineer, May 8th, 1885. (Marked 

The maximum precipitation registered the recording rain 
gauge Ithaca, Y., reported James Fuertes, 

The highest points shown Professor Talbot’s diagram for 
the New England and North Atlantic States, the paper 
previously quoted. (Marked 


The Technograph, 1891-1892; Engineering News, July 1892. 
Henry Journal the Western Society Engineers, April, 1899. 


Excessive Rainfalls Considered with Especial Reference their Occurrence 
Populous Transactions, Am. E., Vol. 70. 


Transactions, Am. Soc. E., Vol. VII, 224. 


Precipitation Rain Storms Ithaca, Engineering News, Sep- 
tember 20th, 1894, 226 
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examining Plate once seen that, with the exception 
Professor Talbot’s curve, the curve ob- 
tained from the Chestnut Hill records the highest any; and that 
the ‘‘ordinary curve derived this paper does not differ widely from 
Professor Talbot’s curve, nor from any the others 


shown. 

With reference the points lying above the Chestnut Hill 
imum curve, should remembered that the only ones obtained 
recording rain gauge are those representing the Philadelphia 
storm August, 1898. All the others, therefore, are open question 
greater less degree. The Philadelphia record, however, 
once lends credence the others being least approximately cor- 
rect. appears, then, that Professor Talbot’s curve 
must probably accepted representing intensity rainfall 
that should expected perhaps once century; except that this 
curve seems give results which are too small for durations less 
than min. more than about 15hr. also, that, although 
there nothing the Chestnut Hill records support such con- 
clusion, such extreme rainfalls must expected Boston, since there 
have been number sufficiently well authenticated storms this 
character great distance from Boston, well the autographi- 


recorded storm Philadelphia 1898. 

Finally, would appear that, for ordinary engineering design, 
such rainfall would shown either the three ordinary 
Dorr’s, Professor Talbot’s, that proposed this paper 
—would heavy there would usually necessity for consider- 
ing. The writer believes the last curve better supported the 
Chestnut Hill records. extreme cases may necessary con- 
sider rainfalls heavy those shown the curve 
herein proposed. Such rainfalls may perhaps expected often 
once years. Finally, such extreme rainfalls would 


shown Professor Talbot’s ‘‘maximum” curve (between the limits 
min. and hr., beyond which this curve gives results which are 
too low) must expected occur long intervals, perhaps about 


once century. 
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bridges with eye-bar chains which the stiffening truss attached 
the chain have been built before, though smaller scale; 
fact, the eye-bar chain was used before the wire cable suspension 
bridges. 

The distinguishing features the author’s design are: 

The shape the stiffening truss and the tower; 
The shape the stiffening truss varying height con- 
form with the theoretical requirements. 

The latter desirable for the greater stiffness produces, well 
its economy. 

The tower, consisting vertical posts with the chain fastened 
the top and free rock pin-bearing below, the writer considers 
improvement the braced tower with the chain cable fastened 
saddle moving rollers. 

The author’s design stiffened suspension bridge compares 
favorably, for rigidity, with other types bridges, and destined 
rival the cantilever for long-span railroad bridges. 

Rigidity desirable quality any permanent structure, and 


more particularly structure such magnitude, which should 
built last for generations. 


*Continued from November, 1904, Proceedi ngs. See August, 1904. Proceedings for 
paper this subject Gustav Lindenthal, Am. Soc. 
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The late George Morison, Past-President, Am. Soc. E., ex- 
pressed himself 1901 the question stiffness 


Bridge specifications, many which are drawn with great care, 
generally have the defect specifying strength and not providing for 
Under such specifications two structures can accepted 
equally good, though, under load, one them will have twice 
the distortion that the other will have. safety, strength 
all that needed; for long life structure, stiffness least 
equally important. This objection may raised some special 
forms trusses, favored because their economy material, 
which much greater variations occur the strains individual 
members than differently designed trusses containing little more 


metal.” 

Some the discussors have endeavored make comparison 
cost between the wire-cable supension bridge with auxiliary stiffen- 
ing truss, and the author’s design. fair comparison only possible 
the designs the two types bridges are worked out under the 
same specifications and requirements, with the same unit strains for 
the floor system and stiffening trusses each case. 

The relative proportion permissible unit strains wire cable 
and eye-bar chain has been established, the Brooklyn and Williams- 
burgh Bridges, between cable and anchorage chain, which has never 
been questioned being good practice. 

The anchorage chain the Brooklyn Bridge, with iron eye-bars, 
has approximately times the section the wire cable; and the 
anchorage chain Williamsburg Bridge, with steel eye-bars, times 
the section the wire cable. Considering the difference strength 
between the iron and steel eye-bars, the proportion both cases 
nearly the same. 

accordance with this established practice, the relative unit 
strains for ordinary steel eye-bars and wire cable should 
and, for nickel-steel eye-bars, with 50% greater strength than carbon- 
steel eye-bars, this proportion becomes If, therefore, work- 
ing strain 60000 lb. per sq. in. allowed the wire cable, 
000 per sq. in. should allowed the chain nickel-steel 
eye-bars. 

Bids the two designs should asked the same time, 
order have the same conditions prices material, labor, ete. 
This, the writer’s opinion, the only way satisfy the public 
which the systems the more economical. one design pro- 
duces stiffer bridge than the other approximately the same cost, 
the stiffer bridge will the cheaper the end. 

The writer, examining the feasibility the author’s design, 
from manufacturer’s point view, fails find any difficult 
unusual features, far the details the structural steelwork are 
concerned. The details and connections can designed re- 


Transactions, Soc. E., Vol. XLVI, pp. and 40. 


duce the same ordinary simple bridgework, such any modern Mr. Schneider. 


bridge shop equipped for heavy work can manufacture. 

The members the stiffening truss are moderate sizes, and the 
maximum sectional area the eye-bar chain only slightly ex- 
cess the maximum area the tension chord the Blackwell’s 
Island Bridge. 

From manufacturer’s standpoint, the work involved the 
author’s design stiffened suspension bridge more desirable for 
bridge shop than that the Blackwell’s Island Bridge, more 
uniform and presents fewer complications its details. Heavier and 
more complicated work has been manufactured, and more difficult 
problems erection have been solved heretofore. 

Some the discussors have been questioning the propriety the 
use eye-bars for the cables. The eye-bar has been the principal 
distinguishing feature American bridge building from the beginning 
iron bridge construction. tension members 
bridges would condemnation the entire American practice 
bridge building. Eye-bars tension members have stood the test 
time and have proved satisfactory that they are now used exclu- 
sively all railroad bridges the writer’s knowledge, 
case record bridge failing account eye-bars being 
used tension members. 

Eye-bars, connection with pin-connected trusses, have only 
proved unsatisfactory where they have been the 
early days bridge building, when economy weight material 
was the first and almost only consideration bridge designers, pin- 
connected trusses with eye-bars were used for very short spans, and 
consequently lacked the rigidity required good railroad bridges. 
The writer has for years been advocate substantial riveted work 
for railroad bridges for small spans, and has been very persistent 
his condemnation the use small eye-bars. Even the present 
time eye-bars are abused. The writer, only recently, has seen pin- 
connected highway bridges ft. span built with 
eye-bars. Any eye-bar less than should condemned, 
even the lightest kind highway bridges. the required section 
the tension member too small for 3-in. eye-bars, riveted members 
trusses with eye-bar tension members for single-track railroad bridges 
more than 200 ft. span and for double-track bridges more than 
150 ft. span are the present time considered good practice all 
American bridge engineers. Eye-bars have been used successfully 
all the large cantilever bridges built recently, and will used the 
Quebec Bridge, which, completed, will the longest span the 
world. well known those who experience the 
manufacture eye-bars that they are generally the cheapest members 
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Mr. Schneider. 


bridge. The cost manufacture per pound decreases the size 
and length the bar increases. The larger and longer the bar, the 
cheaper the cost per pound. and in. width have 
been manufactured large quantities, and number experimental 
bars, in., have also been manufactured successfully. Either 
the above-mentioned sizes could have been used the author’s 
design. are used the anchorages most the large 
suspension bridges, such the Brooklyn and Williamsburgh Bridges, 
and, the anchorage continuation the cable, there good 
reason why eye-bar chains should condemned for one portion 
the cable and used for the other. 

The eye-bar chain has the advantage that the sectional area can 
varied accommodate the variations the strains the same, while 
necessary give the wire cable the required maximum sectional 
area throughout its entire length. 
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Messrs. THEODORE AND GEORGE 


THEODORE Am. Soc. (by letter.)—Mr. Turner Cooper. 


deserves the thanks the Profession for his investigation the 
wreck the St. Paul bridge. His explanation the failure appears 
the probable one. For many years the writer has watched the 
reports tornadoes and their effects, and has yet find case 
properly designed and constructed bridge which has been destroyed 
the wind. 

While many bridges, roofs and other structures have been over- 
turned destroyed the wind, the writer has not found one case 
which indicated that the modern requirements for wind bracing have 
proved inefficient. numerous cases, the wind has been made the 
cloak cover the ignorance, inexperience, neglect chicanery the 
designer builder. The wind has been very much maligned, and, 
the writer’s opinion, its power has been very much over-estimated. 


ceedings for November, 1904), printed Proceedings order that the 

ommunications this subject receive rior Januar 


Mr. Cooper. 
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While preparing the Erie Specifications, 1879, the writer found 
the late George Morison, Past-President, Am. 
Soc. E., formerly Principal Assistant Engineer, giving the sizes 
lateral rods such spans were acting under the trains. 
Using this guide, and also finding that corresponded very closely 
with the results per sq. ft. exposed surface, lateral force 
per linear foot span was adopted for wind and vibration.” 

few years ago was brought the writer’s attention that, under 
modern train loads and speeds, this rule did not give sufficient rigid- 
ity, and his later specifications has been increased one-third. 

This amount lateral stiffness, therefore, needed bridges 
ordinary lengths span, regardless the wind, and, has proved 
satisfactory under the wind forces also, there reason for chang- 
ing it, except found desirable give increased stiffness under 
moving loads. 

All authorities agree that absolutely steady wind unknown; 
that the wind series eddies and gusts; that the records 
anemometers are only the measures the highest gusts upon small 
areas and only represent instantaneous and limited effect. fol- 
lows naturally that larger areas the average pressure any moment 
will less than that recorded the pressure gauge. Forth 
Bridge the pressure surface ft. was practically only 
about two-thirds that shown gauge having area sq. ft. 
For larger spaces the reduction would probably still more marked. 
The irregular waves field grain acted upon the wind make 
clear observer the effects the gusts and why large spaces 
the full effect never possible any one instant. 

Since Smeaton’s time wind 100 miles per hour has been rated 
one that would uproot trees and move buildings. Such wind, 
according accepted formulas, would exert maximum pressure 
lb. per sq. ft. small areas. pressure per sq. ft. acting 
the same moment large areas would, the writer’s opinion, 
denude district trees and buildings, and very unlikely that 
wind 100 miles’ velocity exerts force greater than this objects 
ordinary size. 

General Greeley, the United States Signal Service, 1890, after 
the Louisville, Ky., tornado, stated: 


tornadic winds, important note that there have been very few 
cases recorded wind velocities the United States where the press- 
ure the wind, according the latest investigations and accepted 
exceeded the square foot.” 


severest effects the wind occur the paths tornadoes. 
These, however, are very limited their breadths, the high pressures 
destructive effects being limited few hundred feet, and then 
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the results are usually recognized being due the oscillation Mr. Cooper. 


the path single vortex series vortices following one 
another. probable that the destructive action single vortex 
does not exceed breadth about ft., has been frequently ob- 
served. Moreover, being rotating force, could not exert its 
pressure any one direction for more than half its breadth. 

The estimated pressures velocities produce the greatest 
recorded results, such lifting locomotives, breaking off the top 
obelisk, twisting iron bars, driving straws through pine boards, 
etc., amount only about 150 per sq. ft. 200 miles per hour. 

Julius Baier, Am. E., his excellent paper the last 
St. Louis tornado,* found evidences pressures high 1b. 
over length 180 ft. 

the St. Charles Bridge, the late Shaler Smith, Am. 
E., reported tornado which exerted pressure small 
objects the bridge and the vicinity, and which did not 
injure the bridge, although its bracing was only proportioned for 
per sq. ft. exposed surface. also found, after following the 
paths several tornadoes, but one case where ft. width was not 
enough cover the path within which the computed pressures 
exceeded Ib. 

Many careful investigators the effects high winds and torna- 
does have concluded that very improbable they ever exert 
effect lb. per sq. ft. over space 150 200 ft., one time. 

When one considers then the lateral force for which bridges have 
been designed and the limiting strains allowed for all bracing, one has 
right expect that any properly designed and constructed bridge 
will escape injurious effects from high winds tornadoes. However 
strong the bridges may braced, they are not properly anchored 
down stayed against being shoved off their seats—two very common 
faults—they may some time fail. 

Regardless the very strong probability that lateral force equal 
the ordinary requirements our specifications never exerted 
the highest winds spans more than 150 ft. and not oftener than 
once generation shorter spans, the bracing due such require- 
ments could not reduced without rendering these bridges 
cient against the vibrations moving loads. But era very long 
spans has been entered, which desirable and necessary take 
broader view this subject. 

design 000 000-ft. span, which the writer believes will not 
uncommon length for the next generation bridge builders, 
and may even occur ¢ase for some the present generation, 
under the same wind for spans 500 ft. and less, 
would very unscientific and wasteful. 


Wind Pressure the St. Louis Tornado with Special Reference the Necessity 
Wind Bracing for High Buildings,” Transactions, Am. Soc. E., Vol. XXXVIL, 221. 
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The development these longer spans and the limitation the 
greatest possible span depend very largely upon the assumed wind 
The wind force, being practically horizontal force, while the 
dead and live loads are vertical forces, any unnecessary material added 
for impossible wind forces detriment the structure and handi- 
cap against progress. 

Sir Benjamin Baker gives the following resultant stresses per 
square inch, the top and bottom members the Forth Bridge for 
dead, live and wind forces, tons. 

Dead load. Live load. Wind. Total. 


Top member.......... 7.5 
Bottom member....... 2.8 3.5 


Bearing mind that important part the dead load was due 
the material added for the wind stresses, will seen that the 
lawer members the wind exerted greater influence than the dead and 
live loads together. 

The Board Trade required the Forth Bridge built resist 
wind force per sq. ft., striking the whole any part 
the bridge any angle upon area equivalent twice the plane 

Fifty-six pounds per square foot surface striking simultaneously 
length ft., when the highest possible claim that could 
reasonably made from the evidences the worst known storms 
would not give this pressure over 200 ft. 

may unnecessary say that this requirement was imposed 
upon the eminent engineers this bridge, and was not the result 
their own conclusions. 

might possible that wind force lb. per sq. ft., cover- 
ing lateral extension 700 ft., through its oscillatory movements, 
could but, from all the evidence the character and action 
such high winds, impossible conceive such wind striking 
simultaneous blow this force over 100 ft. lateral distance. 

The absurd requirement forced upon the Forth Bridge should not 
accepted precedent. time that more rational require- 
ment for long spans should attempted. 

For spans about 500 ft. the existing requirement fixed 
lateral force per foot span should not relaxed, desirable 
have this much rigidity against the action moving loads. 

For very long spans, where the exposed surfaces become much 
larger, the lateral force sufficient give rigidity under moving loads 
may not enough provide for possible wind forces. 

For all spans exceeding 500 ft. length the writer would suggest 
the following wind forces sufficient cover all cases. 

First.—A wind force per sq. ft. acting the same 
moment over width ft., striking any part the bridge any 
angle within above below the horizontal; 
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Second.—Similarly, wind force over width 600 ft.; Cooper. 


Third.—Similarly, wind force 1b. over width 000 ft. 
the maximum stresses from either these requirements used for 
proportioning each member. 

all these requirements are far beyond what recorded evidence 
would lead believe probable; their duration, should they 
occur, for very short time, acting mass great inertia; and 
their recurrence would only long intervals time, engineers 
would justified using high unit strains for the combined dead, 
live and wind loads. Assuming that for very long spans two-thirds 
the elastic limit the material for dead and live loads combined 
not exceeded, they could use safely more, eight-ninths the 
elastic limit for the dead, live and wind strains combined, for the truss 
members. 

Though the foregoing wind requirements, the writer’s opinion, 
are excessive, they are much more reasonable than the usual ones 
specified for long-span bridge projects that desirable have 
them 

Their acceptance, after such modifications may developed 
discussion, would vastly improve the possibilities future long-span 

bridges. 

Girrorp, Am. Soc. E.—The speaker believes that 
the probable cause the disaster which forms the subject Mr. 
Turner’s paper correctly stated the author, and this also 
agrees with Mr. Cooper. 

There one which might taken the conclusions 
drawn the author: His statement, rather, intimation, that 
riveted structure with stiff members throughout would have been 
preferable, does not seem borne out the facts. not clear 
that the same thing would not have happened, whatever the type 
structure, since the failure seems have been caused deficient 
bolting supports, lack dead weight. The dead weight might 
have been greater, and probably would have been, had been riv- 
eted structure, but the author does not take this into account. Nor 
would have been sufficient hold the truss down, under the condi- 
tions stated, the absence proper bolting. 

The speaker does not this time intend discuss the merits 
riveted versus pin-connected trusses, but questionable whether 
riveted truss preferable, all things considered, for highway span 
250 ft. certainly cannot fabricated the shop suffi- 
ciently lower cost offset the additional material required and extra 
cost erection. 


Mr. Gifford. 
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Jounson, Assoc. Am. Soc. (by letter).—Mr. Schneider 
has certainly done the profession service publishing this paper. 
The writer begs express his share the gratitude forit. 
doing, wishes discuss one point which Mr. Schneider brings 
—the weight crowd people. not reconciled such low 
figures Mr. Schneider cites for this quantity. his 
tions and his assertion, that per sq. ft. will 
ever exceeded crowd people,” may give the im- 
pression that per sq. ft. fair estimate the actual weight 
closely packed crowd, impression which will not found 
substantiated facts. 

few months ago the writer made some experiments the weights 
crowds his students, and found that 156 per sq. ft. was attain- 
able without any attempt selecting the men crowding them 
any painful degree personal discomfort. Results nearly high 
are reported Mr. Stoney, Professor Kernot, Victoria, and 

This knowledge often importantin design. Allowance for it, 
course, may made any way that may approved the judg- 


Continued from November, Proceedings. See September, 1904, oceedings 
for paper this subject Schneider, Am. Soc. 
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ment the designer, but, any event, should understood Mr. 
clearly that 150 per sq. ft. may reached, even exceeded, under 
crowd people points subject special congestion. 

For example, students among those who formed the crowd above 
mentioned expressed the conviction that the throngs leaving the uni- 
versity football field after large games are one place compressed 
quite tightly were the students inthis test. This special conges- 
tion upon the width which between railings 
considerably narrower than the street which leads it. The writer 
has vivid recollections being crowds compacted the bridges 
the Columbian Exposition Chicago Day, where the density the 
crowd must have been quite high that the crowd students 
when weighing 156 per sq. ft. 

While 150 per sq. ft. may reached only rarely, 100 Ib. 
per sq. ft. must realized far more often than commonly supposed. 
crowd per sq. ft. can easily make way not afford 
serious obstruction the progress person who wishes 
through it, and little persistence will enable person make his way 
through willing crowd weighing per sq. ft. The details 
the experiments which these assertions are based, and collection 
citations from American and foreign authorities will found 
Engineering 

has the writer that photographs, showing just what 
degree congestion indicated loads about 40, 80, 100 and 150 
per sq. ft., would interest this point. Consequently, 
number volunteers from among the writer’s students were weighed 
and caused stand box made for the purpose. This box was 
ft. square, the clear, inside measurement, and with vertical walls, 
ft. high, and without top. The men filed into the box, and 
photographs were taken the weights reached the requisite totals. 
The camera was window some ft. above the top the box, and 
the men were asked look up, more readily identified and 
counted, check record. The results are shown Plates 
and LIV. 

Figs. and Plate LIII, show the same group students. Fig. 
are distributed over the available area, and Fig. they are as- 
sembled along one side it. These ten men aggregated weight 
505.8 which, the sq. ft., made load 41.8 Ib. per sq. ft. 

Fig. Plate LIII, shows the same men and ten additional men, 
bringing the total 013.4 and unit load 83.7 per sq. ft. 

Fig. Plate LIV, four additional men bring the figures 
601.7 total and 100.0 per sq. ft. 

Fig. Plate thirteen additional men, making thirty-seven 
all, bring the 552.5 total and 154.2 Ib. per sq. ft. 
The average weight these thirty-seven men seen 150.1 
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Fig. Plate LIV, attempt was made reach maximum, 
but only full 150 per sq. ft., and number the men testified 
that the congestion seemed materially less than that which 
they are subjected upon the drawbridge above referred to. Obviously, 
there are several very short men the picture who could replaced 
taller men occupying little more room, and seems 
clear that 160 per sq. ft. quite within the possibilities. 

Fig. Plate LIV, another view crowd under which the 
average floor load 41.8 lb. per sq. ft. The five men shown are 
alcove, ft. square, and their combined weight 669 

the light these experiments, the writer convinced that 
and 100 per sq. ft. are common occurrence throughout whole 
aisles and passageways, and even cannot infrequent. The 
writer knows grand stands where 3.3 sq. ft. the allowance per 
person seated. This, assuming 150 lb. the average weight per 
person, would make per sq. with allowance for the weight 
the seats themselves. 

freely admitted that the writer’s results give figures greatly 
excess those given the accepted authorities (outside some 
municipal building laws), both the United States and Europe, 
but the experiment one very easily tried anyone who may feel 

Doubtless, mixed crowds men and women, such football specta- 
tors, may weigh less per square foot, with equal degree personal 
discomfort, than the body students the writer’s experiments. 

should remembered that closely packed crowd not likely 
mood take calmly any undue deflection appearance 
weakness the and the result such seeming insecurity 
not pleasant contemplate. the writer’s opinion, such floors 
those passageways, corridors, standing-room theaters, assembly 
rooms without fixed seats, ballrooms, should calculated for 
weight closely approaching 150 per sq. ft., or, some cases, even 
more, without exceeding the unit stresses Mr. Schneider’s Paragraph 
Possibly, large standing assemblage, such common 
political meetings, likely applaud stamping; or, throng 
dancers; body drilling solders, might call for additional 
impact provision. Moreover, should not forgotton that 
assembly room with fixed those seats are sometimes renioved 
order accommodate many can packed into standing. 

summarize briefly, the writer begs maintain: 

the extreme value the statical load from crowd 
men very few pounds, any, below 160 per sq. ft. 
there are many structures which contain considerable 
areas where load great 150 lb. per sq. ft. 
expected occasionally and fully provided for; 
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these facts should clearly stated, and that the Mr. Johnson. 


maximum loads should not left taken care 
concentrated-load specification which might might 
not provide for them according the closeness the 
beam spacing; 

the distributed-load values given Table ought, ac- 
cordingly, increased materially, least for ground 
floors buildings, assembly rooms, and staircases 
leading thereto, and many cases for sidewalks. 

The writer begs record his indebtedness Olds, one 
his who took the photographs accompanying this discus- 
sion. 

take exception Mr. Llewellyn’s remarks about the inspection 
The obstacles the inspection castings when they first 
leave the sand are more those the inspector’s than the foundry nan’s 
making. The average inspector does not care get 
the morning when the pieces cast the day before are shaken 
out, and, asthe foundryman has use his flasks, cannot wait until 
the inspector eats late breakfast. 

The speaker does not think that any one the big foundries around 
New York City would raise the least objection intelligent inspec- 
tor watching the manufacture its product from the time the metal 
charged the cupola until leaves the machine shop, but would 
rather welcome his advice and suggestions. inspector who can 
deceived, the use such compounds, into pass- 
ing defective casting, does not know his business, careless 
his work. 

very excessive floor loading office building has 
recently been brought the speaker’s attention. Ina room, 
ft., were stored 500 000 pamphlets, weighing lb. per thousand, 
besides safe and sundry articles, which brought the total 


load more than 000 giving least 200 per sq. ft. floor 
area. 


Jun. Am. Soc. (by letter).—Mr. Schneider’s 
restriction his subject buildings important connection with 
the formation specification for the design pile foundations, 
well for that other parts. inferred, further restriction, 
that his intention treat only structures which steel frame 
found, that the building may expected rather large 
one and the foundation loads some size. Where this the case the 
foundations are massive, and the effect vibration may considered 


nil, except perhaps some machine shops and buildings similar 
nature. 
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Even with pile foundations, unless the piles are driven rock 
other firm bearing stratum, important proportion the areas 
the foundations the number piles used each, that exactly 
equal settlement will secured all points. order this, 
proper relation must established between the live and dead loads, 
proper values must assumed for the bearing powers 
soils, and correct pile spacing and supporting power must as- 
sumed for the kind earth and for the other factors entering the 
problem. course, none these items can determined before- 
hand with any great degree accuracy that which approaches 
the degree certainty now attained steel design, and every means 
which likely diminish the possible probable error should 
therefore used. 

The writer considers the method given Mr. Schneider for the 
determination unit strain perhaps the best that 
except that will better take, not column 
with the greatest relative live load, but one with average live load. 
this way the percentage possible variation would cut two. 
broadly that practically settlement will occur any case, and 
provide entirely separate foundations for all parts likely sub- 
jected excessive loading. warehouses, little reduction 
load permitted. 

The values assigned Mr. Schneider for the permissible pressures 
various soils are perhaps close may safely determined em- 
pirically, but the values given seem the writer needlessly conserva- 
tive. Recourse should always had direct experiment wherever 
possible, and well note that some settlement must always 
allowed for; and that infinitely better test relatively large 
tract (from ft.) with the actual load expected, than over- 
load greatly tract only sq. ft. Furthermore, this test 
should made near the actual base the building foundations 
possible, not the surface the ground, and the test should 
made with filling packed around the bearing mass and not open 
hole. These methods may seem unnecessarily exact, but their 
value has been proven the writer’s experience. 

The writer thinks Mr. Schneider’s paragraph Bearing 
Power can somewhat improved. understood that 
Mr. Schneider intends omit from his specification all that 
relating solely construction work, except far the word 
covers it. With this point mind, the first objec- 
tion is, that the design the foundations and their construction have 
been confused. designer must certain unit bearing power, 
and dimension his foundation accordingly. The superintendent 
construction has see that the unit stresses assumed the designer 
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piles. Therefore, would seem that the including the pile formula 


specification for unit stresses was putting the wrong place. 
The first two sentences the paragraph question are permissible, 
except that would better specify that piles are computed 
round-end columns whenever they are driven rock 
equivalent bearing stratum, and columns fixed one end and 
proper length when driven under other circumstances. sand, 
when the pile entirely buried, ft. ample for such proper 
ength, and even the mud the bed river piles have been 
known fail breaking off the mud surface when driven only 
ft. usually unnecessary state that the bearing 
power the pile itself not exceeded, column formulas 
always include that factor; and the usual stipulation maximum 
allowable load per pile always precludes the possibility its being even 
approached. The allowable end bearing assigned Mr. Schneider 
for yellow pine 500 per sq. in. His maximum allowable load 
pile 000 short yellow pine cylinder less than in. 
diameter would support this load, and in. the usual minimum size 
for the points wooden piles. 

The writer believes that the best practice assume given load 
per pile, design all footing accordingly, and make the superintend- 
ent construction provide and drive piles which will sustain this as- 
sumed load. that case the designer’s care will provide just 
the proper number under each footing and space them that each 
will develop its full proportion the given load. groups 
should made nearly circular possible, especially when they 
consist any considerable number piles. The corner 
square groups sixteen piles might just about well omitted. 
the utmost importance not space piles too closely together, or, 
close spacing necessary, drive all such depth that the bearing 
power the earth that sufficient provide the necessary 
supporting power. All piles under building should driven 
the same depth, possible, and the areas groups should 
fully proportioned the loads carried, unless the spacing great 
enough for each pile develop its full supporting power independ- 
made the Department Docks and Ferries, New 
York City, prove conclusively that piles driven the North River 
mud, even considerable depths, influence each other some extent 
when ft. apart, and are practically unit their action when 
only ft. apart. group two piles thus spaced had supporting 
power only about one and two-thirds times what single pile de- 
veloped when properly spaced. 


*See Wharves and Piers,” John Bensel, Soc. E., Papers.—Interna- 
Engineering Congress, 1904. 
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Under the seems better devise some rule for 
the spacing piles under foundations, make each pile carry equal 
load, and drive all the same depth. the earth uniform 
character, this depth seldom need very great, but, not 
uniform, the piles should driven through the variable stratum 
possible. Under such circumstances, pile formula needed, be- 
cause only necessary drive until specified penetration 
attained each case under standard height fall 
From the writer’s believes that penetration in., 
when produced hammer falling ft., freely possi- 
ble with rope attached, will give most satisfactory results. With 
hammers different weights the same drop should maintained and 
corresponding penetration depended upon. Higher falls are much 
less effective. some cases penetrations amounting much 
in. have proven satisfactory under conditions which will dis- 
cussed later. The experiments, and actual tests made, tend show 
supporting power 100 000 for such pile when acting alone 
and free develop the full effect the blow producing 1-in. pene- 
tration. Theoretically, pile would have driven about ft. 
into earth having high ratio lateral vertical pressure (such 
silt), order attain frictional resistance this amount, and 
depth about ft., reach stratum which bearing and fric- 
tional resistances combined would develop this amount. With dryer 
soils and those containing much coarse and fine sand mixed, the 
depth, theoretically, would not great, being slightly more 
than ft. These depths are given the assumption that the mate- 
rials through which the piles are driven are practically homogeneous, 
and ignoring the considerable increase supporting power which 
always occurs soon the piles are left stand without interfer- 
ence even few hours. the moist sand, this increased 
power often amounts nearly double the original value, and, under 
certain circumstances, the case mud, high ten times the 
original amount. This increase supporting power due the 
settling back against the side the pile the earth disturbed 
driving. This settling action often rapid, evidenced the 
difference the effect steam and gravity hammers. fact, the 
writer believes the rapid blows the quick-acting steam hammer are 
more than twice efficient the more measured ones (of equal theo- 
retical effect) gravity hammers. For these reasons, evident 
that pile formula cannot used indiscriminately, and that the 
actual supporting power the soil must taken into account 
most cases. 

With these ideas mind, the maximum 000 lb. proposed 


The Supporting Pow Piles,” Goodrich, Transactions, Am. Soe. 
Vol. 180. 


| 

| 

| 

| 

| 


Penetration under last Blow (Inches) 


Papers.] DISCUSSION STRUCTURAL DESIGN BUILDINGS. 


Mr. Goodrich. 


1 2 3 4 5 6 ve 8 9 10 11 12 13 14 15 

| 
i=} 

15. 
| 

| 
| a 
| | 

x | 

Goodrich 
> 
n 


Weight hammer, tons; 


Wellington 


Penetration inches; 


| | 


CURVES FOR PILE FOR 


MULAS 


| 
| 
| 
| | | | | ; 
| | | | | | ok 
| | 


Mr. 


924 DISCUSSION STRUCTURAL DESIGN BUILDINGS. 


Mr. Schneider seems very conservative, giving factor safety 
with the specification proposed the writer and according his 
formula, and factor tested the News For- 
mula, without the factor safety introduced. Wellington proposed 
the almost universal introduction factor safety and 
introduced the formula given Mr. Schneider. must re- 
membered that all formulas properly apply piles only the time 
driving, with the probability the above factors safety being 
doubled with lapse time with most soils, and, many cases, with 
the possibility increasing them four-fold. 

Under any circumstances, not necessary drive piles harder 
than just enough develop supporting power two and one-half 
times 000 Ib., that specified the proper factor safety and 
maximum allowable load per pile. 

Fig. shows the curves maximum supporting power the 
Engineering News (Wellington) Formula and that the writer, for 
different penetrations, the assumption that also gives 
means finding the value the factor safety, the 
penetration, when the other two terms are assumed, and supporting 
power tons desired. 

above good practice. thus seen that penetrations less than 
are little used, and, any case, the writer would absolutely 
exclude those less than and prefers use only those amounting 
ormore. This restriction, together with that toa maximum 
load, reduces practically all pile formulas, for their curves, between 
the limits given, almost parallel ones, that results differ only 
the factor safety which the author purposely includes unwit- 
tingly introduces the making his formula. this point 
there almost much difference opinion there difference 
formulas. 

Thus, seems altogether best exclude all formulas from incor- 
poration specification stresses” and, under work- 
manship,” simply state the conditions required afford the 
assumed stresses, basing the conditions the best experimental 
evidence. 

assumed that the angle internal friction earth has 
0.4, the allowable spacing from center center which will 
develop bearing power 000 per pile with factor safety 
the depths which the pile driven, given the follow- 
ing table: 

Minimum spacing necessary 
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remembered, however, that not possible drive Mr. Goodrich. 


piles too closely into earth, because the latter has limited com- 
pressibility. With the spacings given above, the theoretical actual 
density the earth, 12-in. piles driven, 
follows: 
Percentage increase 

density earth after 

Earth with 35% voids, compressed that all voids are filled, 
will increase density only per cent. From quite number 
tests the compressibility soils, made the writer, evident 
that tremendous amount energy wasted pile driving the 
piles are spaced closely that any great compressing the soil 
must done. This wasted energy not disclosed any pile formula, 
and serves give exaggerated values when such formulas areapplied. 
Considerable practical experience also confirms this and all the other 
theoretical results given above. Thus, evident that, even with 
piles spaced ft. apart, the amount compression suffered the 
earth more than one-quarter the maximum possible amount 
many cases, and that considerable energy must wasted driving 
closely. spacing ft.is much preferred, especially when 
seen that the theoretical depths which necessary drive 
the piles, order develop safe bearing power 000 are 
ft. for the 3-ft. spacing and ft. for the spacing. The writer 
thinks that minimum spacing not less than 2.7 should ever 
allowed and that ft. should used wherever possible. 

The writer therefore proposes the two following paragraphs 
Piles,” place the one given Mr. Schneider. 

Unit Stresses.—All pile foundations are designed 
are closer than 2.7 ft. from center center, and all 
sible. Piles are have such diameters will afford ample stiffness 
and give sufficient area act columns, considered pin-connected 
when driven rock equivalent bearing depths less than ft., 
and considered fixed the lower end and ft. length under 
all other circumstances. 

piles are lengths and diameters not 
less than those specified, are spaced accurately shown upon 
the drawings, and driven nearly possible uniform depth, 
provided uniform penetration developed under equal blows the 
hammer. Such penetration in., nearly possible, under 
15-ft. blow from 000-lb. gravity hammer, proportional pene- 
tration under any other weight hammer with the same fall. Only 


| 


Mr. Goodrich. 


Mr. Ketehum, 


926 DISCUSSION STRUCTURAL DESIGN BUILDINGS. [Papers. 


piles length and just sufficient develop this penetra- 
tion are driven. Should steam hammer used, equivalent 
values the hammer weight and the height fall gravity ham- 
mer are used, and penetration ins., nearly possible, 

valuable and timely paper, and hoped that, together with 
the will lead more rational methods for the struetural 
design buildings. The author has covered the entire very 
thoroughly, and, for the most part, the specifications meet with the 
writer’s 

Without attempting discuss the whole, the 
writer would attention the following paragraphs: 

Paragraph weights roofs and roof coverings vary 
much that would appear more the weight 
trusses, purlins, sheathing and roof covering each 
culating the weight roof trusses for mill buildings, train-sheds, 
ete., the following has been proposed the 


which weight roof truss, pounds; 
the truss, pounds per square foot hori- 
zoutal projection roof; 


Paragraph localities subject snowfall, would seem de- 
sirable consider minimum ice sleet load, say per sq. 
ft., which would the roof the time maximum wind. The 
author appears have had the sleet load mind 
minimum snow load per sq. ft. 

Paragraph 17.—The writer would think rational specify 
the allowable shear the net section webs plate girders. 

Paragraph 22.—Cross-bending and direct stress should com- 
bined the application rational formula which takes account 
the fact that transverse loads produce larger stresses compression 
members than tension members. The writer has used Johnson’s 


P 
1 


for combined stresses, and believes that the most satisfactory 
formula yet proposed. The proposed reduction the transverse 


The Design Mill Buildings and the Calculation Stresses Framed Struct- 
Engineer-ng News Publishing Co., New 


Modern Framed Structures.” 
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bending moment does not appear proper, except the Mr. Ketchum. 


eases wind moment, moment due weight, and moment due 
loading. The writer believes that the usual method, in- 
creasing the allowable stresses 25°, when wind considered, and 
when weight and loading are considered, 
preferred. 

Paragraph writer has noted with pleasure that the author 
has adopted the stresses and the straight-line formula for the design 
steel struts and columns proposed the American Railway En- 
and Maintenance-of-Way Association. Under the 
however, does not appear consistent use 
straight-line formula for designing steel members and curve formula 
for designing timber struts and columns. 

The straight-line formula adopted the Cities Philadelphia, 
Buffalo and Minneapolis, and used the writer his specifications 
for Mill 

100 
whieh and are the same used the author, would 
appear more keeping with the spirit the specifications. 

Poragraph clause decided improvement the usual 
clause specifying in. for all sizes rivets. 

66.—The writer believes that one-sixtieth the dis- 
tance between rivet centers will give batten plates which are too thin, 
and that the usual specification one-fortieth should 
stituted. 

Pari Paragraphs and 3.—The use Bessemer allowed 
Paragraph but virtually cut out the requirements 
Paragraph The specifying that steel shall made 
the open-hearth process except for temporary unimportant 
structures. 

the author will undoubtedly commend the proposed specification 
those seeking guidance the structural design buildings, and, 
also, undoubtedly, will influence greatly the design such work. 
The requirement the consideration concentrated loads the 
designing floors commendable provision which deserves the at- 
tention those who have not already given the matter the attention 
that the importance the subject warrants. 

The loadings proposed the author, however, should consid- 
ered carefully before gener adoption, serious question 
whether they not produce asymmetrical design, making the 
floor joists heavier than necessary and the girders lighter than desir- 
able, within the proper margin safety. 


Mill Engineering News Publishing Co., New York. 
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Mr. Blakeley. proper provide for supporting safe, then, 


only exceptional cases could the entire weight the safe carried 
ft., and proper consider such distribution the load de- 
signing. With joists ft. span and spaced ft. apart, impos- 
sible place such safe any position where would produce 
loading single joist excess that caused center load 
the proposed specification does not purport sim- 
plification would proper specify definite area 
covered the concentrated load, instead considering under the 
impossible condition being concentrated point. 
Such modification would produce, general, reduction the 
sizes floor joists, and without impairing the adequate carrying 
capacity. 
the other hand, questionable the specification live 
load per lin. ft. for girders sufficient cover the con- 
tingencies loading that may occur buildings. example, 
perfectly possible case that wing office building with two 
rooms, each ft. square and with the girder under the partition be- 
tween the rooms. This girder supports floor area 
possible that the occupant each office may have heavy safe, 
which would not place against the door partition nor against either 
the two outer walls the offices, might interfere with the win- 
dows, but each would place his safe against the partition wall over 
the girder, which case there would concentration two safes 
the girder. these were safes, then the girder would 
loaded the safes alone equivalent uniform load 250 Ib. per 
lin. ft., excess the load for which the girder was designed, 
and without any further provision for carrying the 256 sq. ft. floor 
area which must still supported the girder. course, with 
certain arrangements the floor framing, with due regard the 
area floor space occupied the safes, and with precise calculation, 
the effect the loading produced these safes would very 
much reduced, and might even low equivalent 750 
per lin. ft. girder. But, under possible arrangement floor 
framing, these safes, with due regard their area floor space and 
with precise would produce equivalent loading 
per lin. ft., thus consuming the entire carrying capacity for 
which the girder was designed and without leaving any remaining 
provision for carrying the floor space which still must supported 
it. quite certain that the authorities charge the build- 
ing would direct the safes placed where they would supported 
the girder, though they might direct that they placed the 
wall end the column end the girder, which would materially 
lessen the effect the loading. many buildings, however, there 


— 
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intelligent supervision these matters, and the disposition Blakeley. 


safes left largely the convenience the tenants. 

the case office buildings occupied lawyers, possible 
have filled solid with books from floor ceiling, and 
each side the partition over girder, producing from 400 
450 lb. per lin. ft. girder. Such offices are usually fair size, 
and, after deducting the effect the bookcases, there may left 
the girder carrying capacity less than per sq. ft. the floor 
the offices. Such offices times may fairly crowded with 
people, the case important hearing before referee, and 
may have floor load least per sq. ft. caused crowd 
people such time. 

the case store buildings, live load 000 per lin. ft. for 
girders provide for the conditions loading that will 
prevail such buildings. the construction store buildings, the 
tendency space the columns far apart, and ft. from center 
center not unusual. For such case, with joists spaced ft. 
centers, according the proposed specification, the joists would 
designed for live load equivalent 160 per sq. while the 
girders would designed for load only Ib. per sq. ft. 
limited area such buildings not unusual have 
people equivalent least per sq. ft., especially bargain 
days and during the holiday season. perfectly possible that 
such occasions areas affecting girder building will loaded 
considerably excess per sq. ft., against the per sq. 
ft. provided for the proposed specifications. Moreover, portions 
store buildings times partake the,character light storage 
buildings, the receiving and shipping goods. Crockery and 
glassware crates, set side side and not piled, will produce load 
120 per sq. cases, piled ft. high, produce 
floor loading 100 per sq. ft. Cotton prints cases, set side 
side and not piled, produce floor load Ib. per sq. ft. Woolen 
dress goods, cases set side side and not piled, produce floor 
load 1b. per sq. ft. Brown sugar barrels, set side side, pro- 
duces floor load 113 Ib. per sq. ft. These and other articles 
handled store buildings will times accumulate over certain areas 
and fully load the girders; therefore, the design for such buildings, 
the possibilities such loadings should considered and the girders 
designed accordingly. 

reasonable that the live-load carrying capacity girders 
should have some relation the floor area which they are support, 
but, according the proposed specification, girders spaced 25-ft. 
centers would more live-load carrying capacity than girders 
the same span spaced but half the distance apart, ft. centers. 
According the proposed specification, each girder would designed 
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for load per lin. ft., notwithstanding the fact that 
one the girders would called upon support floor area twice 
great the other. questioned such design will pro- 
vide for the possibilities loading which may 

The method designing floor framing com- 
mendable, but the concentrated load should have area over 
which distributed, and such distribution should considered 
the design the joists and the probable that girder 
should designed for load less than 000 Ib. per lin. ft., but, 
the other hand, does not seem advisable design any joist any 
girder for oftice building, for store building, load less than 
per sq. ft. 

The reduction live loads columns more less general 
use, but questionable proper consider any reduction 
column loading warehouse not quite clear that the 
proposed specification sanctions such reduction column loads for 
buildings this type, 

selecting the proper live loading the design buildings, too 
much consideration should not given the question probability, 
but due and proper regard should given reasonable possibilities 
loading which may for general use should 
very carefully framed this respect, and, the design build- 
ing, should not leave opening for work which might prove 
inadequate for reasonable possibilities loading. 

Joun Assoc. Am. Soc. E.—It wise, the 
part the designing engineer, proportioning structure, 
sider that there something more than low theoretical live loads, 
designing office buildings, churches, theaters, halls and other 
buildings, especially cases where alterations may considered 
probable. 

certain case, alterations office building involved the 
ing large steel vault, which had been erected the second story 
supported brick foundation walls This vault had 
transported over the floors portion the old building and 
portion new building adjoining. Its weight was about tons, 
and the floors both buildings were designed for live load 150 
per sq. ft. 

another part this building, also the second story, some 
changes were made the steel construction, increasing the sizes 
beams and girders and strengthening the supporting columns, 
order support another vault, weighing about 246 tons when com- 
plete. All parts this vault were sections, excepting the vestibule 
and door, and these weighed and tons, respectively. These 
pieces had transported over section the regular framing for 
distance about ft. was again found very advantageous 
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have construction designed carry live load 150 per Mr. Clermont, 


sq. ft. 

While the two foregoing cases may considered measure 
extremes, specific cases overloading public buildings are fre- 
quent These may caused various ways, such over- 
crowding persons small spaces during fire panic; tenants 
office buildings securing storage space and loading the floors with pa- 
per, bulky sample goods, records, ete., high the ceilings will 
permit; offices which are used for show rooms where heavy case 
goods are constantly handled and often stacked high for lack space; 
fact, seems almost impossible foresee the numerous variations 
live loads possible all kinds public buildings. 

The variations live loads, amounting much the 
building laws different centers population, mentioned Mr. 
Schneider’s paper, are easily accounted for the ground their 
vastly different requirements, but tothe conditions their commerce 
and population and because each based upon local experience. 
consideration this, the establishment uniform standard for live 
loads, order harmonize their constructions, would mean 
less than harmonize their conditions, and would not conducive the 
best results. this not meant that the disparities between their 
different requirements law are not subject general system re- 
vision for similar requirements, but that the difference between the 
accepted good practice these several places and the acceptance 
uniform maximum standard live load Ib. per sq. ft., would 
step the wrong direction, and, with few exceptions, for all public 
buildings, live load less than 100 Ib. per sq. ft. ought not 
considered. 

Attention has been called the shifting cores round 
columns. office building erected New York City about twelve 
years ago, and well inspected during erection, was found before its 
completion that one the interior columns the first story was 
distance about ft. below the shelf brackets its top. 
This was case directly the line the joints the 
moulds. The crack was straight down along the joint mark, and, 
while the column was ample section support the load, was 
necessary place stout wrought-iron straps around it. Recently, 
these straps had removed order make room for marble 
covering, and, the speaker’s suggestion, the column was wound with 
light, flexible, seven-strand cable. example what may 
happen the inspection cast iron not thorough. 

Oscar Assoc. Am. Soc. (by letter).—The 
effort establish standard specification for structural work de- 
serving the highest commendation, and its will demon- 
strated its adoption, with such modifications more detailed 
experience than the author possesses parts the field which 
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has covered, will tribute him for having brought forward 
standard reference. The following comments and suggestions are 
made reference some the matters specified, and the hope 
expressed that the compiled results the discussion will used 
standard changed only reason changing conditions in- 
creased knowledge. 

the first place, the author warned that his live loads for dwell- 
ings, hotels and apartment-houses are too small. 


Take dwelling, 
for instance. 


the life every family there occur periods during 
which the apartments are crowded. Engineers are compelled de- 
sign buildings meet the most unfavorable conditions loading, 
and must prepared for, not only crowd, but crowd stamping 
the same time, which causes vibration the building and must 
provided for. The writer suggests for dwellings minimum live load 
Ib. per sq. ft. country residence work, the writer’s prac- 


tice design the first floor for live load not less than per 


sq. ft., and city houses the sizes the beams and girders are usually 
determined their which should not exceed in. per ft. 
because the danger cracking plastered ceilings. 

the case hotels, the lobby and such rooms may occupied 
for public purposes should placed the same class assembly 
rooms. 

The author separates assembly rooms into two parts, those with 
fixed, and those with movable, seats. This questionable practice, 
for frequently the custom, New York City theaters and assem- 
bly rooms, lay secondary floor over the seats. The writer recom- 
mends for such buildings loading 125 per sq. ft., his reason 
being that, under crowded conditions, such during political meet- 
ings, the live load frequently amounts 100 lb. per sq. ft., and the 
vibration caused stamping may easily increase this the equiva- 
lent 1251b. Further, view Professor Johnson’s recent experi- 
ments, wherein obtained even greater loading crowds, the writer 
believes the loading adopted the author too light. 

Stables and and carriage-houses should 
designed for automobile loads. The writer weighed some automo- 
biles short time ago, and found that carriage automobile weighed 
000 with concentrated loading 1500 wheel. The 
writer would design private stable accordance with the loading 
given the author, but for the carriage-house where trucks 
might stored would assume greater load, his New York City 
practice being design such floor for live load 250 lb. per sq. 
ft. The stalls would design accordance with the author’s fig- 
ures. 

Sidewalks.—It has been the writer’s practice design sidewalks for 
live load 350 per sq. ft., and would suggest that the distrib- 
uting load made equal that figure, 
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Warehouses and Fuctories.—The has frequently been called Mr. Lowinson. 


upon determine the weights warehouse floors, and has found 
loads 350 per sq. ft. and greater. would not recommend 
Jess than 250 where either paper iron stored. fact, 
storage building will frequently suffer because this. 

Though hardly pertinent this discussion, instance may 
cited where collapse occurred warehouse used store barrels. 
vibration the building, caused passing trucks, the 
barrels became threw bearing wall out into the street. 
Wedging this kind concentrate times enormous load 
single section floor. 

Office age great and quick changes, and, 
already, some the older high office buildings are being converted 
into storage buildings, with loads far excess those for which 
they were designed; and, although the writer would satisfied with 
distributed loading per sq. ft. were sure the building 
would never used for any other purpose, thinks provision 
150 Ib. per sq. ft. not all too large. 

Wind writer believes that clause should in- 
serted providing that, where the walls are other than curtain walls, 
and the skeleton does not proceed more than advance 
the walls, temporary wind bracing (wire cables, should 
all possible locations, stiff knee-braces should insisted upon 
all connections. 

Foundations.—The writer would separate wet sand from soft clay. 
Quicksand, for instance, never used which found. 
Wet sand will frequently bear from tons, long con- 
fined, and restriction ton should not made absolute. the 
other hand, the writer would hesitate long before permitting load 
tons any but the hardest kind gravel, and then only when 
overlies rock. his practice permit load tons per sq. ft. 
Portland cement mortar, and allows only tons per sq. ft. 
over Portland cement concrete. 

Pressure the pressure wall-plates, the 
writer would use 200 instead 250 Ib. 

Shrinkage and trouble has been experienced with 
stone facings brick walls because the unequal shrinkage the 
brickwork and the stonework; for this reason the writer suggests 
class wherein stonework must considered either non-bearing, 
should pass entirely through the wall certain distances its 
height get proper bond. case shrinkage, the 
former instance, the held galvanized-iron anchors. 

Paragraph 37.—Timber suggested that more 


modern formula than the Gordon formula 


used for timber 
columns. 
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Details Floor Beams.—The writer would add that where floor 
beam transmits heavy load should rest upon girder possible, 
instead framing the web. Where the girder composed 
two more rolled sections, and unless definite means are taken 
transfer the load from one another, the load should applied 
top possible. 

These specifications will serve very well standard for 
tural engineers. The writer would pleased see, included with 
such set standards, standards practice such matters 
framing timbers, cutting stonework, skeleton, cage 
and independent masonry wall construction, protection and preserva- 
tion materials construction, other than those included the 
author, details construction piling, and protection against dis- 
coloration, efflorescence, ete. 
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